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SUMMARY 
The Indian minor carp Labeo dero (Family Cyprinidae) 
contributes to major share in capture among the minor carps. It has less 
bones, and soft flesh when young. Moreover, it has high fecundity and it 
forms a commercially important food fish (Chondar, 1999), These 
properties make it a commercially attractive species for culture. 
Labeo dero (Hamilton, 1822) is basically a Gangetic carp 
having a natural distribution in the Indus river system; the Ganga river 
system, the Brahmaputra and the Mahanadi River. The fish inhabits 
fi-eshwater rivers, reservoirs, lakes, "bheels", "jheels"and ponds. 
For the significance attached to the species, effective 
conservation and propagation assisted rehabilitation strategies, need to be 
urgently planned. There is no recorded information on any class of 
genetic markers and stock structure in L dero. The genetic variation 
information can provide data that can be used to provide scientific basis 
for evolving measures of conservation and management of natural 
populations by using molecular genetic methods. 
The study was done under three broad segments: i) 
Identification of polymorphic microsatellite and allozyme markers, ii) 
Quantification of genetic variability and distribution patterns within and 
between tlie sub-populations and iii) Estimation of gene flow and 
population structure of L. dero natural population for identification of 
distinct genetic stocks. 
In L. dero, for identification of allozyme loci, a total of 18 
different allozymes were tried on 15 different individuals collected from 
distinct geographical locations. The standardisations of conditions were 
done for the tissue samples (liver / muscle), volume of sample extract to 
be loaded and the running time for every enzyme system. The 
standardized conditions were then used on the 18 enzyme systems; which 
gave twenty eight loci, out of which 8 i.e. EST-1*, EST-2*, PGDN*, 
GPDH*, GPI*, PGM-2*, XDH* and MDH-2* were polymorphic. A total 
number of alleles ranged from 2 to 5. 
Through cross species amplification of 62 microsatellite 
primers from related species, a total number of 19 microsatellite loci 
were identified in I. dero. Polymorphism was detected at eight 
microsatellite loci, the number of alleles ranged from 3 to 9. The 8 
polymorphic loci used for population genetic studies in Labeo dero were 
MFW-1*, -15*. -17*, -24*, -26*, Ca-12*, R-12* and R-3* and size range 
of alleles observed at these loci 169-189 bp, 136-198 bp, 186-214 bp, 
159-165 bp, 106-118 bp, 152-192 bp, 115-134 bp and 92-128bp, 
respectively. 
In allozyme analysis, the mean number of alleles per locus 
ranged from 1.28 (Beas and Satluj) to 1.43 (Tons) and mean observed 
heterozygosity from 0.029 (Beas) and 0.071 (Tons). At three allozyme 
loci EST-1*, EST-2* and XDH*, genotype frequences significantly 
deviated from the Hardy-Weinberg expectation. For testing for Hardy-
Weinberg equilibrium, out of total 72 tests performed, significant 
deviations were detected for 17 tests, after sequential Bonferroni 
corrections to probability levels (P<0.0014). The results exhibited 
significant deficiency of heterozygotes (+ve Fjs) at different allozyme loci 
and localities. 
In microsatellite analysis, the mean number of alleles ranged 
from 3.75 (Beas) to 5.38 (Jiabharali) and the observed heterozygosity 
value over all loci ranged from 0.0295 (Satluj) to 0.4395 (Gerua). 
Significant deviation was detected, after sequential Bonferroni 
procedure to probability levels (P«0.00091). The probability values 
showed significant deviation in all population at seven loci. At those 
loci, where HW disequilibrium was observed, heterozygosity 
deficiency was evident from the positive Fjs value. 
At allozyme loci, one locus pair {EST-\* and PGDN*) 
showed linkage disequilibrium in L dero. While at microsatellite loci 
did not found linkage disequilibrium. 
For bottleneck analysis, the allozyme loci were analyzed 
under Infinite Allele model (lAM) of mutation and microsateUite loci 
under Infinite Allele model (lAM) and two Phase modal (lAM and 
TPM) of mutation to detect if the population have undergone any 
genetic bottlenecks in the recent past. In allozyme analysis, significant 
probabilities for excess of heterozygosity were found in Labeo dero 
samples from samples of river Tons (Wilcoxon P = 0. 0.04688) 
however, for microsatellite analysis, from two localities, Brahmaputra 
(Wilcoxon P = 0.01953) and Mahanadi (Wilcoxon P = 0.3906) under 
lAM and from Ganga (Wilcoxon P = 0.03906), Kosi (Wilcoxon P = 
0.01953) and Gerua (Sign Test P = 0.00845 and Wilcoxon P = 
0.01172) localities under TPM. Mode-shift was observed at 
microsatellite loci in samples of river Mahanadi. 
Pairwise comparison to assess allelic homogeneity and pair 
wise Fst and probability values were analysed for allozyme and 
microsatellite markers in L. dero from nine different collections, to 
assess the genetic divergence in L. dero. Allozyme analysis revealed that 
25 out of possible 36 tests had significant allelic heterogeneity, after 
Sequential Bonferroni correction to the probability level. Out of a total of 
36 pair wise comparisons, thirty two pairs indicated significant (p<0.05) 
divergence between samples from different drainages. The mean Fst of all 
the loci across all collections was 0.059. The pairwise Fst values ranged 
from 0.01496 (Satluj and Beas) to 0.24492(Brahmaputra and Tons). 
In microsatellite analysis, total of 36 tests for allelic 
homogeneity over all loci were performed and all the population pairs 
that were significant (P<0.05) except between Satluj and Beas and, 
Yamuna and Ganga, and Gerua and Ganga. The mean Fst value over all 
collections and all loci was 0.019, revealing 1.9% of the total genetic 
variation was due to variation among samples, and there exists genetic 
substructure in L. dero population. The pairwise Fst values ranged from 
0.0008 (Satluj and Beas) to 0.14 (Mahanadi and Tons). 
The present investigation revealed that genetic differentiation 
was found in L. dero natural population through both the allozyme and 
microsatellite markers. High significant divergence of Mahanadi samples 
from all the samples is supported by both the markers. In Indus system, 
Satluj and Beas were not genetically different. L. dero from Indus and 
Ganga river system were most divergent from that of Mahanadi It is 
worth mentioning here that L. dero from Mahanadi need further scientific 
investigation. 
Evidence for presence of more than one genetic stocks of L. 
dero is drawn from partitioning of variability (F-statistics). On the basis 
of the distribution of genetic variation indicated by allozymes and 
microsatellites five different genetic stocks of L. dero from the four river 
basins can be identified i.e. (i) from Indus river system (Satluj and Beas), 
(ii) Ganges river system, including Ganga, Yamuna, Kosi, Gerua, (iii) 
Tons, (iv) Bhramaputra (Jiabharali) and (v) Mahanadi. The results 
provided the evidence that Labeo dero in different rivers in india has 
distinct populations structure. In broad range, comparing across the 
riverine basins L. dero in Indus, Ganges, and Mahanadi are genetically 
different and conservation and management stratiges need to be planned 
accordingly. 
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INTRODUCTION 
CHAPTER 1 
INTRODUCTION 
Labeo dero (Family: Cyprinidae) or Bangana dero is a minor carp and 
forms a commercially important food fish in the upland waters. Its name was modified 
to Sinilabeo dero (Fishbase, 2004) but still, it is commonly referred to as Labeo dero 
or Bangana dero. 
The taxonomic hierarchy of/,, dero (Hamilton, 1822) is given as following: 
Taxonomy: 
Phylum 
Subphylum 
Superclass 
Series 
Class 
Vertebrata 
Craniata 
Gnathostomata 
Pisces 
Teleostomi 
Subclass - Actinopterygii 
Superorder - Ostariophysi 
Order - Cypriniformes 
Division - Cyprini 
Suborder - Cyprinoidei 
Family - Cyprinidae 
Subfamily - Cyprininae 
Genus - Labeo (Cuvier, 1817) 
Species - Labeo dero (Hamilton, 1822) 
L dero (Fig. 1) is a common and more abundantly available coldwater fish 
inhabiting the upland rivers, streams and brooks. It is naturally distributed ail along 
foothill regions of the Himalayan range in India, Nepal, Pakistan, Sind Hills, 
Afghanistan Iran and China (Chonder, 1999). In India, it inhabits regions from 
Arunachal Pradesh through Assam, North Bengal, Uttar Pradesh, Himachal Pradesh, 
Eastern Punjab and Jammu and Kashmir. Normally considered to be the inhabitant of 
Indus and Ganga river systems, it has also been reported from Hirakud stretch of the 
river Mahanadi in Orissa (Chonder, 1999). 
Labeo dero possesses a slender body covered with often red marked cycloid 
scales. The head is oval and blunt and snout is present as deep grooves with some 
pores. The body appearance is dull silvery grey being darkest along the back and its 
dorsal profile is more convex than ventral with rounded abdomen. The characteristic 
feature of the fish is the position of mouth, which is inferior with continuous lips and a 
homy covering to inside of lower jaw. Tip of the mouth has pores. L. dero has 2 pairs 
of barbels; origin of dorsal fin above last quarter of pectoral fins and a caudal fin 
deeply forked, upper lobe sometimes slightly the longer. Dorsal and caudal fins give 
grey tinged with red dotted; the fin formula of I. dero is D ii-iii 9-12; A ii-iii 5; P i 16-
17; V i 7 (Talwar and Jhingran, 1991). L dero is often confused with another species 
L. dyocheilus, often found in similar habitat and have common distribution. 
Taxonomically, L dero is distinguished from L dyocheilus as in L. dero, the dorsum 
of lower lip is studded with large tubercles where as in L dyocheilus, there are a series 
of ridges instead of tubercles (Shrivastava, 1988). 
Biology and life history traits of this species have been reviewed by 
Chonder (1999). The genetic research on the species is limited, restricted to 
karyotyping only (Khuda-baksh and Chanda, 1989). Diploid (2n) chromosome number 
of I. dero is 50. The chromosome formula is 26m + 12sm +2st +10t (Chonder, 1999). 
L. dero has commercial significance in fish catches in Himachal Pradesh, 
Jammu and Kashmir and Mahanadi (Chonder, 1999). In the northwestern Himalayas, 
it is considered to be of commercial importance and experimental netting showed the 
species formed 3.7% of total fish catch in the region (Sehgal, 1988). It is also 
identified as a potential cultivable species and promoted for higher altitude reserviors 
(Sugunan, 1997). It is also classified as one of the vulnerable species in northeastern 
region of India (Mahanta et. al, 1994). In Himalayan streams, the formation of 
reservoirs has affected indigenous stocks of I. dero (Sugunan, 1997). 
L. dero is one of the commercially important fish, and at present seventh 
and sixth in order of their abundance in Gobind Sagar on Satluj River and Pong 
reservoir on River Beas, respectively (HPFD, 2005). Before the damming of River 
Satluj, the upper region of the river and its tributries were particularly rich in four 
species of fish and L. dero was one of them. The Gobindsagar Reservior came into 
existence during mid sixties. The percentage composition of L. dero increased in the 
reservoir till 1982 and thereafter started to decline (HPFD, 2005). The catches during 
1995-96 to 1997-98 ranged between 3-4 tones per year that was virtually insignificant 
(HPFD, 2005). In Pong Reservoir on Beas River also, due to creation of reservoir, L. 
dero among other fishes once in abundance, is struggling for its existence in this 
reservoir (HPFD, 2005). While regular stocking programme has been undertaken for 
Indian major and mirror carps, for L. dero, it could not be made due to absence of 
large scale seed production technologies (HPFD, 2005). 
There is an urgent need to formulate the management and conservation 
measures of its natural fishery resources. GBPUAT (2005) has reported successful 
rearing of brood stock of L dew in captivity, collected from the rivers of Uttaranchal 
and induced breeding of the species, and the fmgerlings were released in their natural 
habitat to augment fish production. 
From genetic perspectives, management of natural fishery should also 
involve conservation of intra-specific genetic diversity. Genetic variation is an 
important feature of population for both short term fitness of individuals and the long 
term survival of the population through allowing adaptation to changing 
environmental conditions (Ferguson et. ai, 1995). The genetic diversity can provide 
data that can be used to provide scientific basis for evolving measures of conservation 
and management of natural populations by using molecular genetic markers. 
Molecular marker data can provide insight into genetic structure and also indicate 
early warning of genetic bottleneck that population may be facing. Until now, there is 
no recorded information available at any class of genetic marker in this species. 
Molecular genetic markers are heritable characteristics associated with 
identification and characterization of specific genotype, crucial for both management 
and conservation programmes. These markers have several applications in aquaculture 
genetics and breeding programmes, including the characterization of genetic diversity 
both within and between populations. They have also been used with objectives 
ranging from species-specific markers, population structures and detection of genetic 
bottlenecks (Utter and Ryman, 1993; Carvalho and Hauser, 1994; Ward and Grewe, 
1994; Smith and McVeagh, 2000; Perdices et. al, 2000; Bernatchez et. al., 2002; 
Shikano and Taniguchi, 2002 and Kohlmann et. al., 2003). 
There is a wide array of molecular markers that includes analysis of protein 
and DNA. A combination of molecular assay of DNA and protein markers may 
provide the best approach to understand the genetic diversity of related populations 
(Nielsen et al., 1999). Microsatellites are short tandem repeats, flanked by unique 
DNA sequences in non coding part of the genome. AUozyme analysis determines 
genotype by assessing the phenotype expression of the gene controlling the specific 
enzyme. Microsatellite and allozyme markers have been extensively used for direct 
assessment of pattern of genetic variation to unearth. These are loci with co-dominant 
alleles and inherited in Mendalian fashion. This allows direct count of heterozygotes 
on the gels that may not be possible with dominant markers, and provides robustness 
in statistical analysis especially to draw inference if the population follows Hardy-
Weinberg equilibrium or not. Allozyme and microsatellite markers have been used 
independently or in combination to determine genetic variation and draw inference on 
population structure in fishes and shellfishes (Salini et. al., 2004) and to unearth 
population level evolution for variety of vertebrates (review DeWoody and Avise 
2000; Neff and Gross 2001; Liu and Cordes, 2004). 
The present study is the first descriptive analysis of genetic variation in 
Laheo dero population across its natural range of distribution in India. This study was 
undertaken to identify the polymorphic molecular markers that are suitable to 
determine the genetic variation within and between the populations of Labeo dero for 
molecular characterization. The outcome of this study will provide stock structure 
information for use in genetic improvement programmes and planning conservation as 
well as management of natural fishery resources of this economically important fish 
species. 
OBJECTIVES 
Brief objectives of the study are as follows: 
i) To idenfify the molecular genetic markers o^ Labeo dero, suitable for genetic 
variability studies and 
ii) To determine population genetic structure of Laheo dero, from natural distribution. 
Figure 1 -Labeo dero (Hamilton, 1882) 
REVIEW OF 
LITERATURE 
CHAPTER 2 
REVIEW OF LITERATURE 
GENETIC VARIATION AND MOLECULAR MARKERS 
All organisms are subject to mutations because of normal cellular 
operations or interactions with the environment, leading to genetic variation 
(polymorphism). Genetic variation in a species enhances the capability of organism to 
adapt to changing environment and is necessary for survival of species (Fisher, 1930). 
In conjunction with other evolutionary forces like selection and genetic drift, genetic 
variation arises between individuals leading to differentiation at the level of 
population, species and higher order taxonomic groups. Molecular genetic markers are 
powerful tools to detect genetic uniqueness of individuals, populations or species 
(Avise, 1994; Linda and Paul, 1995). These markers have revolutionized the analytical 
power, necessary to explore the genetic diversity (Hillis et al, 1996). The conclusion 
from genetic diversity data has varied application in research on evolution, 
conservation and management of natural resources and genetic improvement 
programme etc. (Ferguson et al, 1995; Neff and Gross, 2001; Jehle and Anthem, 
2002; Wasko et al, 2003; Morin et al, 2004; Liu and Cordes, 2004). 
In addition to protein markers, application of DNA markers is finding 
wide acceptance. With DNA markers, it is theoretically possible to observe and 
exploit genetic variation in the entire genome. Both genomic and mitochondrial DNA 
is used to varied applications. The commonly used technique are allozyme analysis, 
types of restriction fragment length polymorphism (RFLP), randomly amplified 
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polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), 
microsatellite, single nucleotide polymorphism (SNP), and expressed sequence tag 
(EST) markers etc. 
Molecular markers can be classified into type I and type II markers. 
Type I markers are associated with genes of known function, while type II markers are 
associated with anonymous genomic segments (O'Brien, 1991). Under this 
classification, allozyme markers are type I markers because the protein they encode 
has known function. RAPD markers are type II markers because RAPD bands are 
amplified from anonymous genomic regions via the polymerase chain reaction (PCR). 
Microsatellite markers are type II markers unless they are associated with genes of 
known function. The significance of type I markers is becoming extremely important 
for aquaculture genetics. Type I markers serve as a bridge for comparison and transfer 
of genomic information from a map-rich species into a relatively map-poor species. In 
general, type II markers such as RAPDs, microsatellites, and AFLPs are considered 
non-coding and therefore selectively neutral. Such markers have found widespread use 
in population genetic studies to characterize genetic divergence within and among the 
populations or species (Brown and Epifanio, 2003). 
Allozyme markers 
Analysis of allozyme loci remained one of the most popular approaches 
in examining population genetics and stock structure questions in fishes (Suneetha, 
2000). The technique is rapid, relatively inexpensive and provides an independent 
estimate of level of variation within a population without an extensive morphological 
and quantitative survey (Menezes et al, 1993). Isozymes are structurally different 
molecular forms of an enzyme system with qualitatively the same catalytic function 
encoded by one or more loci (Markert and Moller, 1959). Isozymes, which are 
encoded by different alleles of the same gene locus, are designated as "allozymes" or 
"alloenzymes" (Starck, 1998). Amino acid differences in the polypeptide chains of the 
different allelic forms of an enzyme reflect changes in the underlying DNA sequence. 
Depending on the nature of the amino acid changes, the resulting protein products may 
migrate at different rates (due to charge and size differences) when run through a gel 
subjected to an electrical field. Differences in the relative frequencies of alleles are 
used to quantify genetic variation and distinguish among genetic units at the levels of 
populations, species, and higher taxonomic designations. Disadvantages associated 
with allozymes include occasional heterozygote deficiencies due to null 
(enzymatically inactive) alleles and sensitive to the amount as well as quality of tissue 
samples. In addition, some changes in DNA sequence are masked at the protein level, 
reducing the level of detectable variation. Some changes in nucleotide sequence do not 
change the encoded polypeptide (silent substitutions), and some polypeptide changes 
do not alter the mobility of the protein in an electrophoretic gel (synonymous 
substitutions). At present 75 isozyme systems representing several hundred genetic 
loci are known (Murphy et al, 1996). With the strength as codominant marker, ease of 
use, and low cost, the allozyme markers are popular in population structure and 
phylogenetic studies, though has limited role in aquaculture genetics despite being 
type I markers. 
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Mitochondrial DNA markers 
Mitochondrial DNA (mtDNA) analysis is being increasingly used in 
recent population and phylogenetic surveys of organisms. Studies of vertebrate species 
generally have shown that sequence divergence accumulates more rapidly in 
mitochondrial than in nuclear DNA (Brown, 1985). This has been attributed to a faster 
mutation rate in mtDNA that may result from a lack of repair mechanisms during 
replication (Wilson et al, 1985) and smaller effective population size due to the strict 
maternal inheritance of the haploid mitochondrial genome (Birky et al, 1989). Due to 
its rapid rate of evolution, mtDNA analysis has proven useful in clarifying 
relationships among closely related species. Different parts of the mitochondrial 
genome are known to evolve at different rates (Meyer, 1993). Almost the entire 
mtDNA molecule is transcribed except for the approximately 1 -kb control region (D-
loop), where replication and transcription of the molecule is initiated. In general, non-
coding segments like the D-loop exhibit elevated levels of variation relative to coding 
sequences such as the cytochrome b gene (Brown et al., 1993), presumably due to 
reduced functional constraints and relaxed selection pressure. The 16S rRNA gene in 
the mitochondrial genome is one of the slowest evolving genes (Meyer, 1993) where 
as rapidly evolving regions are control regions (Chow el al, 1997; Gold et al, 1997). 
Due to non-Mendelian mode of inheritance, the mtDNA molecule is considered a 
single locus (Avise, 1994). In addition, because mtDNA is maternally inherited, the 
phylogenies and population structures derived from mtDNA data may not reflect those 
of the nuclear genome if gender-biased migration or selection (Birky et al, 1989) or 
introgression (Chow and Kishino, 1995) exists. 
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Analyses of mtDNA markers have been used extensively to investigate 
stock structure in a variety of vertebrates including fishes (Avise et ai, 1986; Graves 
et ai, 1992; Gold et ai. 1993; Chow et ai, 1993; Heist and Gold, 1999 etc.). 
Random amplified polymorphic DNA (RAPD) markers 
RAPD markers are the amplified products of less functional part of the 
genome that do not strongly respond to selection on the phenotypic level. Such DNA 
regions may accumulate more nucleotide mutations, with potential to assess inter 
population genetic differentiation (Mamuris et ai, 2002). The amplification of 
genomic DNA by PCR with arbitrary nucleotide sequence primers, RAPD can detect 
high levels of DNA polymorphisms (Williams et ai, 1990; Welsh and McClelland, 
1990). The technique detects coding as well as non-coding DNA sequences, and many 
of the most informative polymorphic sequences are those derived from repetitive (non-
coding) DNA sequences in the genome (Haymer, 1994). Because 90% of the 
vertebrate nuclear genome is non-coding, it is presumed that most of the amplified loci 
will be selectively neutral. RAPD loci are inherited as Mendelian markers in a 
dominant fashion and scored as present/absent. RAPDs have all the advantages of a 
PCR-based marker, with the added benefit that primers are commercially available 
and do not require prior knowledge of the target DNA sequence or gene organization. 
Other advantages of RAPDs are the ease with which a large number of loci and 
individuals can be screened. Shortcomings of this type of marker include the difficulty 
of demonstrating Mendelian inheritance of the loci and the inability to distinguish 
between homozygotes and heterozygotes. Analysis follows the assumption that 
populations under study follow Hardy-Weinberg expectations. In addition, the 
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presence of paralogous PCR product (different DNA regions which have the same 
lengths and thus appear to be a single locus), low reproducibility due to the low 
annealing temperature used in the PCR amplification, have limited the application of 
this marker in fisheries science (Virgin and Waldman, 1994). 
Single nucleotide polymorphism (SNP) 
Single nucleotide polymorphism (SNP) describes polymorphisms 
caused by point mutations that give rise to different alleles containing alternative bases 
at a given nucleotide position within a locus. SNPs are becoming a focal point in 
molecular marker development since they are the most abundant polymorphism in any 
organism's genome (coding and non-coding regions), adaptable to automation, and 
reveal hidden polymorphism not detected with other markers and methods (Morin et 
al, 2004; Liu and Cordes, 2004). Theoretically, a SNP within a locus can produce as 
many as four alleles, each containing one of four bases at the SNP site: A, T, C, and G. 
Practically, however, most SNPs are usually restricted to one of two alleles (most 
often either the two pyrimidines C/T or the two purines A/G) and have been regarded 
as bi-allelic. SNP markers are inherited as co-dominant markers. Several approaches 
have been used for SNP discovery including SSCP analysis (Hecker et al., 1999), 
heteroduplex analysis (Sorrentino et al., 1992), and direct DNA sequencing. DNA 
sequencing has been the most accurate and most-used approach for SNP discovery. 
SNPs are not without their limitations, however, they might provide marginal 
additional, or even less, utility in some applications (e.g. relatedness), (Morin el al, 
2004). 
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Microsatellite markers 
Microsatellites consist of multiple copies of tandemly arranged simple 
sequence repeats (SSRs) that range in size from 1 to 6 base pairs (e.g., ACA or 
GATA; Tautz, 1989; Litt and Luty, 1989). Abundant in all species studied to date, 
microsatellites have been estimated to occur as often as once every 10 kb in fishes 
(Wright, 1993). Microsatellites tend to be evenly distributed in the genome on all 
chromosomes and all regions of the chromosome. They have been found inside gene 
coding regions (e.g. Liu et al, 2001c), introns, and in the non-gene sequences. Most 
microsatellite loci are relatively small, ranging from a few to a few hundred repeats. 
Regardless of specific mechanisms, changes in numbers of repeat units can result in a 
large number of alleles at each microsatellite locus in a population. Microsatellites are 
inherited in a Mendelian fashion as codominant markers. Microsatellites were found to 
be informative in several species, which showed almost no variation at other markers 
(Taylor et al, 1994). However, use of microsatellite markers involves a large amount 
of up-front investment and effort. Each microsatellite locus has to be identified and its 
flanking region sequenced for the design of PCR primers. Due to polymerase slippage 
during replication, small size differences between alleles of a given microsatellite 
locus (as little as 2 bp in a locus comprised of dinucleotide repeats) are possible. 
Microsatellites recently have become an extremely popular marker type in a wide 
variety of genetic investigations. 
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USE OF MOLECULAR MARKERS 
For species identification 
The interspecific genetic divergence established through species 
specific diagnostic molecular markers provides precise knowledge on phylogenetic 
relationships and also resolve taxonomic ambiguities (Rocha-Olivares et al, 2000; 
Backer et al, 2002; Asensio et al, 2002; Rasmussen et al., 2003). These markers can 
be used to detect hybrid and introgressed or backcrossed individuals (Compton and 
Utter, 1985), distinguish early life history stage of morphologically close species 
(Oliver el al, 1999) both in hatchery and in natural populations. Species-specific 
allozyme markers have been identified in many fishes (Hartley and Gall, 1991; Backer 
et al, 2002; Sciaenid: Menezes et al, 1992; Anguilla sp: Lee et al, 1997; Mugilidae: 
Rossi et al, 1998). Specific diagnostic allozyme loci were used for species Gambusia 
affinis and G. holbrooki (Wooten and Lydeard, 1990). Allozyme markers were also 
used for individual classification in cyprinid species Zacco pachycephalus and Z. 
platypus (Wang,-Humg et al, 1997), V. letourneuxi and V. hispanica (Perdices, et al, 
1996), Mullus barbatus and M. surmuletus (Mamuris et al, 1998), and Merluccius 
australis and M hubbsi (Roldan and Pla, 2001) 
The RAPD-PCR technique was employed to identify three endemic 
morphologically similar Spanish species of Barbus: Barbus bocagei, B. graellsii and 
B. sclateri than similar morphologies (Callejas and Ochando, 1998). Genetic similarity 
estimates obtained indicated that the species B. bocagei and B. graellsii are more 
related to each other than to B. sclateri. RAPD markers were characterised to identify 
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five species of family Cyprinidae Chondrostoma lemmingii, Leuciscus pyremicus, 
Barbus bocagei, Barbus comizo, all endemic in the Iberian Peninsula, and the recently 
introduced Alburnus albumus (Callejas and Ochando, 2002). Sixty-nine diagnostic 
markers were detected that accurately identify these species. RAPD assay was 
evaluated for studying genetic relationships and diversities in four species of Indian 
major carps (Family Cyprinidae) (Barman et ai, 2003). Thirty-four arbitrary primers 
were screened to identify species-specific RAPD markers among rohu {Labeo rohita), 
kalbasu (I. calbasu), catla {Catla catla) and mrigal {Cirrhinus mrigala). RAPD-PCR 
markers generated by three arbitrary 10-mer primers were applied for identification of 
three eel species, A. japonica, A. auslralis and A. bicolor (Takagi and Taniguchi, 
1995). Random amplified polymorphic DNA (RAPD) markers were used to estimate 
the population structure and phylogenetic relationships among the eight species of the 
genus Barbus that inhabit the Iberian Peninsula (Callejas and Ochando, 2002). Genetic 
variation between grass carp, red common carp and common carp was analyzed using 
random amplified polymorphic DNA (RAPD) markers (Zhang et al, 1998). The 
RAPD patterns of grass carp {Ctenophoryngodon idellus) were remarkable different 
from those of common carp {Cyprinus carpio), and the inter-population average band 
sharing between grass carp and the two common carps (red common carp and 
common carp) were 0.2583 and 0.2394, respectively, and the corresponding genetic 
distances between them were 0.9362 and 1.2277. Genetic distances among five 
species of Takifugu and Lagocephalus spadiceus as out group were calculated based 
on the presence/absence of the amplified fragments. The molecular data from RAPD 
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analysis convincingly inferred that T. rubhpes and T. pseudommus were the same 
species. 
RAPD based diagnostic method was developed for the specific 
identification of grouper (Epinephelus guaza), wreck fish (Polyprion americanus), and 
Nile perch {Lates niloticus) fillets (Asensio et al, 2002). The two species were clearly 
differentiated with each showing different RAPD patterns. Species-specific diagnostic 
RAPD fingerprints were generated in seven groupes of species {Epinephelus spp.) and 
their taxonomic relationship analysed by Govindaraju & Jayasankar (2004). They 
reported, E. malaharicus was most distantly related to E. diacanthus and E. hleekeri 
and a close relationship among E. coioides, E. tauvina and E. malabaricus and also 
between E. chlorosligma and E. bleekeh. Amplifications with eight different primers 
gave reproducible electrophoretic patterns, which could be regarded as a data set 
consisting of monomorphic and polymorphic characters. Some of these characters 
were species-specific. 
Large variation in mtDNA sequences among species can be utilized to 
produce species-specific markers. Since the structures of mitochondrial RNA genes 
(tRNA and rRNA) and the functional molecule of the 16S rRNA are highly conserved 
among the animal taxa that are related even distantly (Meyer, 1993; Orti et al, 1996), 
change of even few nucleotides in such a gene between closely related taxa might 
indicate a substantial degree of genetic divergence (Avise, 1994). MtDNA sequences 
were used as useful marker for species-specific identification in many fishes (Tuna: 
Bartlett and Davidson, 1991; Chow and Inoue, 1993; Billfish: Finnerty and Block, 
1992; Snappers: Chow el al, 1993; Hare el al., 1998; Myctophidae: Suneetha and 
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Dahle, 2000). Comparable levels of divergence based on 12S rRNA and 16S rRNA 
sequences have been reported for several recently diverged fish species (genus 
Sternoptyx: Miya and Nishida, 1998; Cyclothone sp: Miya and Nishida, 1996). The 
taxonomic validity of two eel species {Anguilla anguilla and A. rostrata) was 
confirmed by Avise et al. (1986), by revealing fix differences in 11 of 14 mtDNA 
restriction sites whereas allozyme analysis only detected a single diagnostic locus. 
Elmerot et al. (2002) used mitochondrial genome sequence information to build 
phylogenetic relationship of Fugn with different teleostean fish. 
Identification of Astyanax altiparanae (Teleostei, Characidae) in the 
Iguacu River, Brazil, was done based on mitochondrial DNA and RAPD markers 
(Prioli el al., 2002). The analysis revealed high genetic diversity within each 
population, as well as low genetic distance, high gene flow, and high mitochondrial 
DNA similarity among all three populations. In conjunction with morphological 
similarities, these results demonstrated that the population presently known as 
Astyanax bimaculatus in the Iguacu River should actually be stated as Astyanax 
altiparanae. Furthermore, it could be inferred that the A. altiparanae population is not 
endemic and most likely it was recently introduced in the Iguacu River basin, 
maintaining the ancestral genetic identity. 
RAPD analysis exhibited that there was a defined separation among six 
species. Genetic distances were lower between Upeneus moluccensis and 
Pseudopeneus prayensis than between those species and Mullus barbatus and Mullus 
surmuletus (Mamuris et al., 1999). However, for allozymes, the two Mullus species 
were found genetically more distinct from U. moluccensis than from P. prayensis, but 
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RAPD and mtDNA analysis showed the opposite. RAPDs revealed less interspecific 
divergence compared with allozymes and the results they produced were more 
consistent with mtDNA analysis. 
Mitochondrial DNA sequencing was used to identify and distinguish 
four species of commercially important Mediterranean grey mullets (Murgia et al, 
2002). Partial cytochrome b and D-loop sequences obtained from the four fish species 
were used to perform phylogenetic analysis and to determine species-specific DNA 
fingerprints. Sequence variation in the control region (D-loop) of the mitochondrial 
DNA (mtDNA) was examined to assess the genetic distinctiveness of the shortjaw 
Cisco, Coregonus zenithicus (Reed el al, 1998). DNA fragments containing the entire 
D-loop were amplified by PCR from specimens of C. zenithicus and the related 
species C. artedi, C. hoyi, C. kiyi, and C. dupeaformis. DNA sequence analysis 
revealed high similarity within and among species and shared polymorphism for 
length variants. Based on this analysis, the short-jaw cisco is not genetically distinct 
from other cisco species. Two species, the Siberian sturgeon, Acipenser baeri, and 
stellate sturgeon, A. stellatus, was studied using mitochondrial DNA (D-loop, 
cytochrome b (cyt-b) and ND5/6 genes) sequencing to determine whether traditionally 
defined subspecies correspond to taxonomic entities and conservation management 
units (Doukakis et al, 1999). Several mt-DNA regions for each taxon used, but the D-
loop was the most variable region and was sequenced for 35 A. baerii and 82 A. 
stellatus individuals. No fixed, diagnostic differences were found between any of the 
subspecies. 
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For identification of microsatellite markers through cross-species ampiiflcation 
Microsatellite markers are developed through microsatellite enriched 
partial genomic library construction. The procedures involve high skill, cost and time. 
In view of large number of animal species that require genetic diversity analysis, cross 
priming between related species can be a useful strategy to save cost and time. The 
sequences flanking the microsatellites are conserved among related species and 
provide great potential for using primers developed in one species to characterize loci 
in other species as (Zardoya et ai, 1996). However, to large extent, flanking 
sequences have been found conserved within the families but conservation among 
distantly related species is also reported in some vertebrates. Some of the most 
extreme cases known, 17 microsatellite loci amplify across fish that have diverged as 
long as 470 Myr (Rico et ai, 1996), six microsatellite loci from marine turtles 
successfully amplified in freshwater turtles separated by 300 Myr (Fitzsimmons et al, 
1995), while cetacean microsatellite loci are conserved over 40 Myr (Schlotterer et al, 
1991). In a wide-ranging survey of cross species amplification in birds Primmer et al. 
(1996) estimated that 50% of bird microsatellite loci will amplify among species 
separated by as much as 11 Myr. Scribner and Pearce (2000) have reviewed cross-
species amplification of microsatellite markers in various taxonomic groups. Out of 
161 species surveyed, primers of 60% (96) have been used for other taxa. Out of this 
30% were used for the species of the families within the order and 50% yielding 
polymorphic markers. Primers of four species have been evaluated for use between the 
orders and variation is observed in one case {Hirudinia rustica). It is evident that the 
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majority of effort and success is achieved with using the primer within the genera and 
families, however potential of the heterologous primers over wide spectrum of 
taxonomic groups is not ruled out. It is likely that the probability of amplification is 
significantly decreased with phylogenetic distance (Galbusera et ai, 1996). 
Knowledge of microsatellite loci that are conserved between families and orders will 
be of evolutionary significance and find application in generating population genetics 
data for wide range of species. 
Among fishes, cross priming has been demonstrated in various groups 
and used as tool to identify polymorphic microsatellite marker. In order Pcrciformes 
cross species amplification has been reported within families. Primers developed for 
microsatellite loci in walleye Stizostedion vitreum were used for cross species 
amplification in sauger S. canadlnie. Zander S. lucioperca, yellow perch Perca 
flavescens and European pearch P.fluviatilis (Wirth et ai, 1999), primers of Perca 
flavescens in European perch P. fluviatilis, sauger Stizostedion canadense, zander S. 
lucioperca and walleye S. vitreum (Leclerc et ai, 2000) within the family Percidae. In 
family Labridae, primers of ocellated wrasse {Symphodus ocellatus) were tested in 
Coris julis and four other species of the genus Symphodus: S. tinea, S. roissali, S. 
rostratus and S. cinereus (Arigoni and Largiader, 2000). Malloy et al. (2000) reported 
primer sets developed for smallmouth bass (Micropterus dolomieu) allowed cross 
species amplification of microsatellite loci in other centrarchidae, spotted bass M. 
puncutulatus. Cross- species amplification of heterologous primers of the shanny 
Lipophrys pholis were found within ten Blennioidei species, L. trigloides, 
Parablennius pilicornis, P. galtorugine, Salaria fluviatilis, S. pavo, Coryphoblennius 
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galrita, L. canevai, Ophiblennius atlanticus, P. rubber, P. sanguinolentus parvicornis 
(Guillemaud et al, 2000). Haigh and Donnellan (2000) evaluated the cross-species 
amplification of microsatellite loci from King George whiting in two other species of 
whiting {Sillago sp) within family Sillaginidae. 
In the order Scorpaeniformes, heterologous primers has been used to 
amplify homologous microsatelllite loci within families. Microsatellite loci developed 
in bullhead Cottus gobia were tested to amplify homologous loci in the five species of 
the genus Cottus: C. poecilopus, C. hangiongensis, C. amblystomopsis, C. pollux and 
C. bairdi and one species of genus Triglopsis (syn. Myoxocepholus), Triglopsis 
quadricornis within the cottidae family (Englbricht et al, 1999). Whereas primers 
developed in quillback rockfish, Sebastes maliger were tested on 10 other species of 
Sebasles (Wimberger et al., 1999) and microsatellite markers identified in canary 
rockfish (Sebastes pinniger were screened on 13 additional rock fish species: 5. 
nebulosus (china), 5. ruberrimus (yelloweye), S. caurinus (copper), S. crameri 
(darkblotched), S. diploproa (splitnose), S. mystinus (blue), S. maliger (quillback) 5. 
nigrocintus (tiger), S. miniatus (vermillion), S. melanops (black), S. flavidus 
(yellowtail), S. auriculatus (brown) and S. zacentrus (sharpchin) (Uchida et al, 2003) 
within the family sebastidae. Primer pairs developed in muskellunge {Esox 
masquinongy) were cross amplified in northern pike and grass pickerel within 
escodiae of esociformes (Reading et al, 2003). Cross species amplification has been 
reported within and between subfamilies. Two microsatellite primers of rainbow trout 
{Oncorhynchus mykiss) were tested on seven salmonid species, O. keta, O. 
tshawytscha, O. kisutch, 0. clarki, Salmo salar and Salvelinus fontinalis (Morris et al, 
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1996) and microsatellite loci isolated from coho salmon {Oncorhynchus kisutch) were 
examined in cross-species amplification in chum salmon {O. ketd), sockeye salmon 
(O. nerka), rainbow trout (O. mykiss), cutthroat trout {O. clarki) and atlantic salmon 
{Salmo salar) within subfamily Salmoninae (Smith et al, 1998). 
In cypriniformes, Zheng et al. (1995) demonstrated the possibility of 
using primers interspecifically among cyprinids. Successful cross-species 
amplification has been reported within and between families as well as subfamilies. 
Primers of microsatellite loci from Catla catla were used to cross amplificafion of 
particular microsatcllites locus in Laheo rohita (Mohindra et al., 2001). Microsatellite 
primers designed for common carp Cyprinus carpio (subfamily Cyprininae) were 
successfully amplified in two species of subfamily Hypophthalmichthyinae, silver 
carp Hypophthalmichthys molitrix and bighead carp Aristichthys nohilis (Tong et al, 
2002). Microsatellite primers developed in fathead minnow Pimephales promelas 
were screened in two congeneras, P. notatus and P. vigilax and other five species, 
Notropis stramineus, Cyprinelle lutrensis, Semotilus atromaculatus, Campostoma 
anomalum and Cyprinus carpio within family cyprinidae (Bessert and Orti, 2003). 
Some reports demonstrate that the flanking sequences were also found conserved 
between families. Stickleback and cod primers have been used in whiting (Rico et al, 
1997) and rainbow trout primers in white fish (Patton et al, 1997), Lipophrys pholis 
primers in Tripterygion delaisi (Guillemaud et al, 2000) and Isurus oxyrinchus 
primers in common thresher Alopias vulpinus, pelagic thresher A. pelagicus, bigeye 
thresher/i. supercilliosus and sand tiger Carcharias taurus (Schrey and Heist, 2002). 
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Mohindra et al. (2001) reported successful amplification of 
homologous microsatellite locus in Labeo rohita using primer developed for other 
cyprinid, Catla 
catla. Lai et al. (2004) has achieved success through use of primers of other cyprinid 
fishes in identifing polymorphic microsatellite markers for Cirrhinus mrigala, Tor 
putitora (Mohindra et al, 2004a), L. dyocheilus (Mohindra et al, 2004c) and 
Gonopriktopterus curmuca (Gopalakrishnan, 2004). In these studies, successful cross 
priming was demonstrated between subfamilies cyprininae and Leuiscinae in addition 
to within subfamilies cyprininae. The results suggested that certain sequences flanking 
tandem repeats are conserved within the subfamily Cyprininae and to some extent 
between the subfamilies of Cyprinidae also. 
For genetic variation and population structure study in natural populations 
Molecular markers provide direct assessment of pattern and distribution 
of genetic variation (Ferguson et al, 1995), and thus help in answering, "whether the 
population is a single unit or composed of subunits". Several evolutionary forces 
affect the amount and distribution of genetic variation among populations and thereby 
population differentiation (Felsenstein, 1985). Geographic distance and physical 
barriers enhance reproductive isolation by limiting the migration and increased genetic 
differentiation between populations (Ryman, 2002). Impact of migration and geneflow 
on genetic differentiation also depends upon effective size of receiving population and 
number of migrants received. Increased computational power and mathematical 
models have enhanced the scope of conclusions that can be drawn out of genotype 
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data generated through molecular markers. Some of the possibilities are assignment of 
migrants (Piry et ai, 2004), determination of genetic bottlenecks (Luikat et al, 1998), 
besides genetic variation and differentiation estimations (Weir and Cockerham, 1984; 
Nei, 1983; Raymond and Rousset, 1995). These have been extensively employed 
across various taxonomic groups (mosquito: Fonseca et al, 2000; turtle: Shankar et 
al, 2004; amphibians; Jhel and amtzen, 2002; vertebrates : Neff & Gross, 2001; 
Snake: Lougheed et al, 2000; Panda : Zhang et al, 2002). Research on fish 
populations has significantly contributed in the development of the science of 
population genetics, models and analytical softwares. 
Allozyme variation in odd-year pink salmon Oncorhynchus gorbuscha 
Walbaum from seven Sakhalin Rivers was studied at 40 loci, 25 of which were 
polymorphic (Efremov, 2002). The largest part of allele frequency variation was found 
within separate populations, and no significant difference in allele frequencies 
between localities was observed. Population structure of sockeye salmon, 
Oncorhynchus nekra was determined in the population from seven rivers of the 
Owikeno Lake watershed of British Columbia using 10 microsatellite DNA loci 
(Nelson et al, 2003). There was a little evidence for persistence of genetic structure 
within the Owikeno Lake watershed. The population structure of chinook salmon, 
Oncorhynchus tstawytscha was investigated in 52 spawning sites of Fraser River 
drainage (Beacham et al, 2003) using 13 microsatellite loci. Distinct groups were 
identified in the upper, middle, and lower Fraser River regions, and the north, south, 
and lower Thompson River regions. Genetic variability within and among four 
Spanish natural populations of Salmo trutta L. was evaluated on the basis of 25 
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enzyme loci, 3 microsatellite loci, and 9 randomly amplified polymorphic DNAs 
(RAPDs) (Cagigas et al, 1999). A total of 21 allelic markers were found, 12 of which 
were reported by microsateliites, whereas enzyme and RAPD accounted only for 6 and 
3, respectively. Genetic variation within samples was significantly higher for 
microsateliites and RAPD than for enzyme loci. Combination of allozyme and 
microsateliites was used to investigate genetic divergence in Salmo trutta (Palm et al, 
2003) and in Salmo salar (Elliott and Reilly, 2003). Alarcon et al, (2004) represents 
the large-scale population genetic analysis of gilthead sea bream {Sparus aurata) using 
a combination of allozyme, microsatellite and mtDNA variation. 
Kanda (1998) and Kanda and AUendorf (2001) used allozymes, 
microsateliites, and mitochondrial DNA (mtDNA) to examine population genetic 
structure of bull trout Salvelinus confluentus in the upper Flathead River basin. There 
was concordance in the data obtained from these markers. Both allozymes and 
microsateliites indicated little genetic variation within bull trout populations, but 
substantial genetic differences among populations. Analysis of mtDNA showed more 
population differentiation than both the nuclear DNA markers did as predicted from its 
small effective population size. Polymorphism at five microsatellite genetic markers 
was assessed to identify the population structure of brook charr, Salvelinus fontinalis, 
from the Indian Bay watershed, Newfoundland, Canada (Adams and Hutchings, 
2003). Despite the absence of physical barriers to migration among lakes, genetic data 
suggest that brook charr in each lake represent reproductively isolated populations. 
Genetic variation was assessed, using eight microsatellite loci, in 14 
populations of northern pike {Esox lucius) in the North Central United States and in 
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six populations from Quebec, Alaska, Siberia, and Finland (Senanan and Kapuscinski, 
2000). The microsatellite variation found in northern pike was much lower than that 
found in sympatric and other fish species. Northern pike Esox lucius have consistently 
shown low within population variation, as detected by allozymes, mitochondrial DNA, 
and randomly amplified polymorphic DNA. Low genetic variation within populations 
might have resulted from compounding factors of low effective population size and 
bottlenecks (Miller and Senanan, 2003). 
Based on five microsatellite loci, the genetic structure of endangered 
fish species Anaecypris hispanica was studied in eight disjunct populations in the 
Portuguese Guadiana drainage to determine levels of genetic variation within and 
among populations and suggested implications for conservation of the species 
(Salgueiro et ai, 2003). The high levels of genetic diversity detected within and 
among A. hispanica populations suggested that the observed fragmentation and 
reduction in population size of some populations during the last two decades, has 
impacted little on levels of genetic variability. 
Random primers (15) were used to analyze the genome DNA of Jian 
carp {Cyphnus carpio var jian) by the RAPD technique (Dong et ai, 2002). The result 
indicated that the genetic variance within Jian carp was little. The molecular base of 
good characters of Jian carp was the high allelic heterozygosity. Four hundred and 
eighty-four fragments were generated, and the result indicates that the genetic distance 
of the two species is far. It shows that there is one conserved domain inserted in the 
two hypervariable domains in the region from 3' to the initiation of the central 
conserved region instead of only one hypervariabe domain. Study on cold tolerant 
27 
traits for common carp Cyprinus carpio was studied by Chang et al. (2003) and nine 
RAPD-PCR markers associated with cold tolerance of common carp were obtained. 
Out of 26 allozyme loci surveyed, six were significantly differentiated 
genetic subdivision of the endemic minnow, Zacco pachycephalus, in 12 rivers of 
Taiwan (Wang et al., 1999). A highly divergent genetic structure among sites with low 
genetic variability within samples suggested that local populations originated from a 
small number of founders. 
The genetic diversity of Carassius auratus in the Qihe River were analyzed by 
the RAPD method using 40 primers and compared with Pengze Crucia Carp and 
common Crucian Carp (Feng et. al., 2003). Intra-and inter-population genetic diversity 
of crucian (Carassius auratus) from 2 areas (Yuqiao Reservoir and Duliujian River) 
were detected using RAPD technique (Wang et al., 1999). The genomic DNA of each 
population of crucian was amplified with 45 primers of 10 bp. The analysis indicated 
higher inter-population genetic polymorphism than that found at intra-population 
level. 
The genetic structure of Silurus glanis across most of its natural 
distribution was investigated using 10 microsatellite loci. Populations from large 
basins (Volga and Danube rivers) were the most polymorphic, while samples from the 
smaller Greek rivers, which are more prone to genetic bottleneck, exhibited the lowest 
levels of genetic diversity (Triantafyllidis et al., 2002). Despite the great genetic 
differentiation of S. glanis populations, no consistent pattern of geographical 
structuring was revealed. 
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A total of 26 simple sequence repeats were identified using a random 
amplified polymorphic DNA (RAPD) based technique in the Southeast Asian river 
catfish Mystus nemurus (Usmani et al, 2001). Characterization of five polymorphic 
microsatellite loci in A/, nemurus was reported. The average number of alleles per 
locus was 3.2. These are the first microsatellite loci that have been developed for this 
species. 
The population structure of the anadromous shad, hilsa Tenualosa 
ilisha, was investigated with both allozymes and morphometric analysis (Salini et al, 
2004). The allozyme results suggest that there is substantial gene flow between groups 
of hilsa within the Bay of Bengal. Similar inference was drawn from allozyme 
analysis of T. ilisha in Ganges (Lai et al, 2004). Hilsa shad in different drainages of 
Ganges ascending from Bay of Bengal didn't exhibit any genetic differentiation 
despite high levels of within population variation. The two studies contradicted the 
results from RAPD analysis (Rahman et al, 2000) that indicated possibility of distinct 
stocks in Meghna and Padma rivers. 
Genetic population structure in the catadromous Australian bass 
Macquaria novemaculeata was investigated using both allozymes (Jerry, 1997) and 
mtDNA control region sequences. Population subdivision estimates based on 
allozymes revealed low levels of population structuring. However, mtDNA indicated 
moderate levels of geographic population structure. Salini and Shaklee (1998) used 46 
allozyme loci for genetic structure analysis of Australian barramundi {Lates 
calcarifer) from seven different location of Australia and found 12 loci were 
polymorphic. The amount of heterogeneity observed suggests that each of the seven 
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localities supports a genetically discrete stock of barramundi. Patterns of population 
subdivision and the relationship between gene flow and geographical distance in the 
tropical estuarine fish Lates calcarifer (Centropomidae) were investigated using 
mtDNA control region sequences (Chenoweth et al, 1998). Sixty-three putative 
haplotypes were resolved from a total of 270 individuals from nine localities within 
three geographical regions spanning the north Australian coastline. Despite a 
continuous estuarine distribution throughout the sampled range, no haplotypes were 
shared among regions. However, within regions, common haplotypes were often 
shared among localities. Both mtDNA analysis (sequence-based and haplotype-based) 
and allozyme indicated strong geographical structuring of Z-. calcanfor population. 
Atlantic Coast striped bass exhibit exceptionally low levels of genetic 
variation. The ability of the randomly amplified polymorphic DNA (RAPD) method to 
uncover genetic variation in this highly conserved species was investigated (Bielawski 
and Pumo, 1997). Sufficient levels of variation were detected to allow a population 
genetic analysis of the four migratory populations of Atlantic Coast striped bass. 
Allozyme analysis on 20 putative enzyme-coding loci and RAPD 
analysis on 154 markers, amplified by eight decamer random primers, were used to 
assess the genetic variation of striped red mullet, Mullus surmuletus L., collected from 
six locations in the Mediterranean Sea (Mamuris et al, 1999). Both methods were able 
to detect a high degree of genetic polymorphism, though genetic divergence, observed 
through allozyme loci, could not be correlated to geographical distance. 
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Allozymes and mtDNA sequences were assessed to evaluate the 
genetic variability in small marine fish Pomatoschistus microps (Gysels et al, 2004) 
and in brown trout (Marzano et al, 2003). 
Random Amplified Polymorphic DNA (RAPD) was used to analyses 
the genetic diversity of the wild grouper (Epinephelus merrd) population in Zhanjiang 
coastal waters (Zheng and Liu, 2002). About 16 out of 120 primers are selected to 
carry out the analysis of RAPD and 154 loci are detected among 10 individuals. The 
percentage of polymorphic loci was 65.58. The result indicates that the genetic 
polymorphism of the wild fish {Epinephelus merra) is higher. With seven 
microsatellite loci, the population structure of dusky grouper {Epinephelus 
marginatus) was elucidated from seven areas in the west-central Mediterranean (De 
Innocentiis et al, 2001). Significant genetic differentiation was revealed among all the 
areas. Five polymorphic microsatellite loci were used to evaluate genetic variation in 
red snapper sampled from three locations in the northern Gulf of Mexico and one 
location of the northern Yucatan Peninsula in Mexico (Heist and Gold, 2000). The 
results are consistent with the hypothesis that red snapper at these localities constitute 
a single population. Randomly amplified polymorphic DNA (PCR-RAPD) analysis 
was used to estimate genetic variation within and between 6 Northeast Atlantic 
populations of Dover sole Solea solea (Exadactylos et al, 2003) and the results were 
compared with allozyme variation within and between populations. Both allozyme 
and RAPD data indicate that the samples can be clustered into two groups; continental 
Europe (Bay of Biscay and German Bight) and British Isles (Cumbria, Isle of Man, 
Ireland and North Sea). 
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Population structure of king mackerel {Scomberomorus cavalla) was 
assayed from the east (Atlantic) and west (Gulf) coasts of Florida and the Florida Keys 
(Gold and DeVries, 2002). The degree of genetic divergence between the two 'genetic' 
stocks was small (0.19%) as compared to the total genetic variance across all samples 
assayed and that occurred between the two regions. Microsatellite loci were developed 
for king mackerel (Scomberomorus cavalla) and were used to investigate population 
structure and gene flow between samples from regional localities in the western 
Atlantic Ocean and Gulf of Mexico (Broughton et al, 2002). There was no evidence 
of an isolation-by-distance effect. 
The population genetic structure of snapper, Pagrus auratus from Victoria, 
South Australia, Western Australia and New Zealand was investigated using six 
polymorphic allozyme loci (Meggs et al., 2003). There existed distinct genetic 
differences between the snapper populations from each of the Australian states and 
New Zealand, and only minor and largely insignificant differences among the 
Victorian populations. 
Benthosema glaciale samples from six different locations, including five 
western fjords were analysed using allozyme electrophoresis (Suneetha and Salvanes, 
2001). Among the 17 loci analysed, nine loci were polymorphic and low level of 
population differentiation was detected. 
Large-scale population genetic analysis of the marine fish gilthead sea bream 
(Sparus aurata), was studied using allozyme, microsatellite and mitochondrial DNA 
(mtDNA) variation (Alarcon et al, 2004). Microsatellites showed higher levels of 
polymorphism than allozymes. The low variability of mtDNA offered no basis for 
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population differentiation. Wild populations reveal a slight degree of differentiation 
more pronounced with microsatellites than with allozymes. 
Assessment of demographic bottleneck in natural population 
It may often be necessary to perform genetic analyses of temporal replicates to 
estimate the significance of spatial variation independently from that of temporal 
variation in order to ensure the reliability of estimates of a defined population 
structure. Such estimates provide understanding about changes in genetic variation, 
effective population size and other historical bottlenecks and can be extrapolated to 
define evolutionary trends of species. Today various modaels are available that can 
compute bottlenecks or effective population size changes through use of 
heterozygosity excess, linkage disequilibrium etc. However estimate through temporal 
changes are considered more accurate. But analyzing temporal changes is limited due 
to lack of historical data as well as samples. Therefore, such studies are limited 
mostely use archieved samples, wherever available. In vertebrates, a limited number 
of studies have specifically assessed the temporal changes in genetic variation for 
more than one generation. A microsatellite analysis of DNA was performed, from 
archived scales to compare the population structure among four sympatric landlocked 
populations of Atlantic salmon (Salmo salar) over a time frame of three to five 
generations. The same patterns of allele frequency distribution, theta, Rst and genetic 
distance estimates were observed among populations for two time periods, confirming 
the temporal stability of the population structure. Despite population declines and 
stocking during this period, no statistically significant changes in intrapopulation 
genetic diversity were apparent (Tessier and Bematchez, 1999). Variation at six 
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microsatellite loci was studied for the genetic population structure of extant and 
extinct local populations of Atlantic salmon from 1913 to 1989 using dried scales as a 
source of DNA (Nielsen et al, 1999). Tests for differentiation among populations and 
among time series within populations showed that population structure were stable 
over time. Polymorphism at five microsatellite loci was screened to determine the 
genetic variability and the temporal stability of population structure in natural 
populations of European hake {Merluccius merluccius, L.) within the Bay of Biscay 
(Lundy et al, 2000). Low levels of population subdivision were found between 
putative populations within years. The changes in genetic diversity and structure were 
tested in three populations of steelhead trout [Oncorhynchus mykiss) from a northern 
British Columbia watershed using seven microsatellite loci over 40 years (Heath et al, 
2002). Little change in genetic diversity was found, despite large variation in the 
estimated numbers of steelhead returning to the watershed over the same period. 
However, the temporal stability in genetic diversity was not reflected in population 
structure, which appears to be high among populations, yet significantly variable over 
time. 
Larson et al (2002) recommended close monitoring of negative effects on sea 
other population based on the conclusion from mt DNA, D-loop, microsatellite 
variability comparison between prefiir trade and present population. Prefur trade DNA 
samples were obtained from excavated bones. 
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Recent bottleneck in the populations through assessment of deviation in allelic 
diversity than to that expected under mutation, drift equilibrium state (Luikart, 
1998). 
Demographic bottlenecks occur when populations experience severe, 
temporary reduction in size. Because bottlenecks may influence the distribution of 
genetic variation within and among populations, the genetic effects of reductions in 
population size have been studied extensively by evolutionary biologist (Wright, 1931, 
Nei, 1975). Microsatellite DNA markers have been used to assess bottlenecks in many 
fish species. 
Eight polymorphic microsatellite loci were used to quantify genetic 
diversity that has been used to assess the effects of demographic bottlenecks on 
populations oiGambusia affinis (Spencer et ai, 2000). 
Eight microsatellite and seven allozyme loci were examined in samples 
of Salmo salar from Tasmania and samples from New South Wales (Elliott and Reilly, 
2003). Significant allele frequency differences were observed between samples for 
both microsatellite and allozyme loci. A significant reduction in microsatellite 
heterozygosity, but non-significant loss of microsatellite alleles was observed between 
the Canadian and Australian samples. Comparison of observed heterozygosities with 
that expected under a two-phased model of mutation did not support the hypothesis of 
a severe bottleneck in the Australian population. However, low estimates of per-
generation effective population sizes (80-90 over 11 generations) are consistent with a 
short-term moderate bottleneck in the Australian population of Atlantic salmon early 
in its introduction. Despite this the breeding population has been sufficiently large to 
maintain most pre-existing genetic variation in the Australian population. 
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For comparison of genetic variation between wild and hatchery populations 
Molecular marker also find application in aquaculture to assess loss of 
genetic variation in hatcheries, comparison of variation estimates between hatchery 
stocks and wild counterparts. The information is found useful to monitor farmed 
stocks against inbreeding loss and to plan genetic upgradation programmes. A major 
aspect of such studies addressed is concerned with the assessment of escapes into the 
natural population and introgression of wild genome. Brook trout Salvelinus fontinalis 
from 21 unstocked waters, 3 naturalized lakes, and 4 hatcheries in New York and 
Pennsylvania were analyzed electrophoretically for allozyme expression (Perkins and 
Krueger, 1993). All wild-unstocked samples were highly differentiated populations 
and significantly different from each other and from hatchery samples. 
Genetic diversity between three farmed and four wild populations of 
Atlantic salmon from Ireland and Norway were analyzed using 15 microsatellite 
markers (Norris et al, 1999). High levels of polymorphism were observed over all 
populations. Farmed salmon showed less genetic variability than wild salmon in terms 
of allelic diversity. Between farmed populations significant differences were observed 
in expected heterozygosity suggesting that more intensive breeding practices may 
have resulted in a further erosion of genetic variability. 
The genetic variability of cultured stocks of common carp (Cyprinus 
carpio) was investigated between six strains from extensive aquaculture in two French 
regions (Dombes and Forez) and five strains from the Czech Republic stemming from 
artificial selection and maintained in the Research Center of Vodnany (Desvignes et 
al, 2001). The reduction of microsatellite allelic diversity in Czech strains could be 
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related to a possible population bottleneck associated with breeding practice. The 
amount of genetic variation in aquaculture strains of North American Arctic charr 
{Salvelinus alpinus) was compared to that in natural populations using six 
microsatellite markers (Lundrigan, 2002). Aquaculture strains showed less genetic 
variability than their wild source populations in terms of allelic diversity. Six wild and 
five cultivated sample sets of Sparius auratus from the South Atlantic and 
Mediterranean European area have been screened for allozyme, microsatellite and 
mitochondrial DNA (mtDNA) variation (Alarcon et al, 2004). Microsatellites showed 
higher levels of polymorphism. Cultivated populations show a slight decrease of 
variability related to the wild ones. 
Variation in 26 allozymes and three microsatellite loci was assessed in 
populations of wild and cultured stocks of Sparus aurata from five countries (Palma et 
al, 2001). The microsatellite heterozygosity values were high in wild, but lower in the 
cultured samples. These findings seem to be of early evidence that the reared samples 
are losing some genetic variation, especially due to the loss of the rare alleles, that 
were present in the wild populations. 
Propogation assisted rehabilitation programmes 
Habitat alterations and overharvesting have contributed to the decline or 
disappearance of numerous natural populations. In addition, reinforcement programs 
of wild populations based on releases of hatchery reared fish of non-native origin 
compromise the conservation of remnant native trout resources. Effect of these 
programmes through releases in natural populations has been studied in many fishes 
through molecular markers. 
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Brown trout population structure in an alpine lake with three major 
recruitment streams was assessed by analysis for eight DNA microsatellite markers 
and compared with the non-native population (Heggenes et al, 2002). The lake is 
subject to a 40-year recorded history of stocking with exogenous trout. No certain 
deviations from Hardy-Weinberg equilibrium were found. Tests for population 
differentiation and genetic distance indicated separate populations for all the sampled 
areas, and with the exogenous population as a cluster quite different from the others. 
Assignment tests indicated that only a small fraction of the fish sampled from the lake 
originated from the introduced trout strain (<3%). Wild discriminate, naturally 
reproducing populations characterized this alpine lake ecosystem, in spite of 40 years 
of stocking, which appeared to have had a limited impact. 
The brown trout Salmo trutta population of the Adriatic and Danubian 
drainages of Switzerland on alloymes analysis showed a major replacement of the 
native stock from the Adriatic drainage by introduced hatchery trout of Atlantic basin 
origin (Largiader and Scholl, 1995). About 23 out of 43 loci, gave significant variation 
and diagnostic allele for the Adriatic form of Salmo trutta fario and for the marbled 
trout Salmo trutta marmotous showed low frequency (f<0.15). 
To assess the levels of gene introgression from cultured to wild brown 
trout populations, four officially stocked locations and four non-stocked locations 
were sampled for one to three consecutive years and compared to the hatchery strain 
used for stocking. Allozyme analysis for 25 loci included providing allelic markers 
distinguishing hatchery stocks and native populations (Cagigas et al., 1999). Different 
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levels of hybridization and introgression with hatchery individuals were detected in 
stocked drainages as well as in protected locations. 
The review incorporates the wide spectrum of information that the 
molecular markers provide. The literature indicate that different markers have been 
employed depending upon the question to be answered. The importance of the 
research on molecular markers improved due to enhanced computational power, large 
data available that has enabled researchers to derive various mathematical estimators. 
Such innovations provide insight concerning the population bottleneck, migration 
patterns besides the genetic structure in natural populations. 
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MATERIALS 
& 
METHODS 
CHAPTER 3 
MATERIALS AND METHODS 
I. COLLECTION OF SAMPLES 
Sites of collections 
A total of 591 samples of Labeo dero were collected from the commercial 
catches from ten different geographical locations of India (Table 3.1, Fig.2) from ten 
rivers namely, Beas (Pathankot, Punjab, 32° 66'N75° 40'E), Satluj (Bhakra Nangal, 
Punjab, 31° 23'N, 75° 30'E), Ganga (Ajetpur, UP, 29° 58'N, 78° lO'E), Yamuna 
(West Yamuna canal, Yamuna Nagar, Haryana, 30° 09'N, 77° 2rE) , , Kosi 
(Ramnagar, Uttranchal, 29° 24'N, 79° 07'E), Gerua (Katamiaghat, UP, 32° 19'N,75° 
30'E), Tons (Rewa, MP, 24° 3\"N, 81° 17'E), Jiabharali (Bhalukpong, Arunachal 
Pradesh 27° 28'N, 94° 15'E), Mahanadi (Sonepur, Orissa, 20° 50'N, 83° 56'E) and 
Godavari ( Warrangal, AP. 18° 57'N, 79° 06'E). 
Tissue samples 
Blood The blood samples collected through caudal puncture with needle and syringe, 
were fixed in 95% ethanol in 1:5 (blood: ethanol) ratio and stored at 4°C till use. 
Liver The ventral side of the fish was cut open and a piece of liver was taken out. Any 
organ or viscera adhering to the liver was removed. Liver sample was wrapped in 
aluminum foil on which code number of the fish was written. The wrapped tissues 
were immediately immersed in liquid nitrogen (LNa) (-196°C), in cryocans. 
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Muscle A small white muscle piece was removed after removing the skin above it, 
using surgical blade and wrapped by aluminium foil labeled with fish number. It was 
directly immersed in liquid nitrogen and transported to lab. 
Table 3.1- Sample size, location, year of collection of Labeo dero from 
different rivers in India. 
s. 
No. 
1 
2 
3 
4 
5 
River system 
Indus 
Ganges 
Brahmaputra 
Mahanadi 
Godavari 
River / 
Reservoir 
Beas 
Satluj 
Ganga 
Kosi 
Gerua 
Yamuna 
Tons 
Jiabharali 
Mahanadi 
Godavari 
Location 
Site 
Pathankot, 
Punjab 
Nangal, 
Punjab 
Ajetpur, 
Uttarachal. 
Ramnagar, 
U.P. 
Katmia 
Ghat, U.P. 
Tajewala, 
Haryana 
Rewa, M.P. 
Bhaluk 
Pong, 
Arunachal 
Sonepur, 
Orissa 
Warrangal, 
A. P. 
Location 
(lat. «& log.) 
32° 66'N 
75° 40'E 
31°23'N 
75° 30'E 
29° 58'N 
78° lO'E 
29° 24'N 
79° 07'E 
32°19'N 
75° 30'E 
30° 09'N 
77°2 rE 
24°31'N 
8r i7 'E 
27°28'N 
94° 15'E 
20° 50'N 
83° 56'E 
18°57'N 
79° 06'E 
Year 
April, 2003 
September, 
2000 
April, 2003 
March 2001 
October, 
2003 
April, 2003 
November, 
2003 
November, 
2003 
September, 
2000 
March-
April, 2001 
April, 2004 
March,2003 
May, 2004 
October, 
2002 
Total 
Sample 
size 
(N) 
75 
37 
36 
79 
21 
33 
31 
74 
8 
86 
20 
56 
33 
02 
591 
41 
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Figure 2 - Sample collection sites ( *) of Labeo dero during present 
study. 
x^ 
Transportation and storage of tissues 
The blood was transported from the field in 95% ethanol and stored in the 
laboratory at 4°C. The liver and muscle tissues were transported to the lab, immersed 
in LN2 in cryocans and in laboratory were stored at -80°C until analysis. 
II. ALLOZYMES ANALYSIS 
A. METHODOLOGY 
AL Sample extraction 
Tissue samples (liver and muscle) of approx. 10 mg were taken in a tube 
(1.5ml), homogenized in chilled extraction buffer medium @ 500 mg. ml"' (Annexure 
I) and centrifuged (SIGMA Laborzentrifugen GmbH, Osterode) at 10,000 rpm at 4° C 
for 1 hr. The supernatant was recentrifuged at 10,000 rpm at 4° C for 20 min. and kept 
on ice till loading on gels. 
A2. Electrophoresis 
For optimisation for gel concentration, the extracted samples were loaded on 
7% and 8% Polyacrylamide Gel (PAGE gels) (Annexure I) and 1 X TBE as running 
buffer (Annexure I). The gels were run at a constant voltage of 150 V at 4-6° C in a 
cold handling chamber. The rurming time depended on the enzyme to be analyzed. 
After the run, the gels were stained for different enzymes (Whitmore, 1990). The 
enzyme systems and the staining compositions are given in Annexure I.IV. After the 
bands appeared with optimum intensity, the gels were washed with distilled water and 
the staining reaction was stopped with 0.7% acetic acid. The gel concentration on 
which the allozyme bands were better resolved was used for population studies. 
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B. Standaridation of Allozyme Electrophoresis 
Bl Selection of tissue 
• Selection of samples for initial studies 
• Selection of tissue for maximum number of scorable allozyme loci 
B2 Optimisation of electrophoretic conditions 
• Percentage of polyacrylamide gel 
• Running buffer 
• Volume of extract application 
• Electrophoresis running time 
A3. Enzyme systems tested 
The following 18 enzyme systems were tested (Table 3.2). 
Table 3.2 - Enzyme Systems tested for allozyme analysis in Labeo dero. 
Enzyme 
System 
GPDH 
ACP 
AK 
AAT 
CK 
Est 
GLDH 
G6PDH 
GDH 
LDH 
MDH 
ME 
ODH 
PGM 
GPI 
PGDH 
SOD 
XDH 
Name 
a-Glycerophosphate dehydrogenase 
Acid phosphatase 
Adenylate kinase 
Aspartate amino transferase 
Creatine kinase 
Esterase 
Glucose dehydrogenase 
Glucose-6-phosphate dehydrogenase 
Glutamate dehydrogenase 
Lactate dehydrogenase 
Malate dehydrogenase 
Malic enzyme 
Octonol dehydrogenase 
Phosphogluco mutase 
Glucose phosphate isomerase 
Phosphogluconate dehydrogenase 
Superoxide dismutase 
Xanthine dehydrogenase 
E.C. Number* 
1.1.1.8 
3.1.3.2 
2.7.4.3 
2.6.1.1 
2.7.3.2 
3.1.1.1 
1.1.1.47 
1.1.1.49 
1.4.1.3 
1.1.1.27 
1.1.1.37 
1.1.1.40 
1.1.1.73 
5.4.2.2 
5.3.1.9 
1.1.1.44 
1.15.1.1 
1.1.1.204 
Shakleee/. a/. (1990) 
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The liver and muscle samples were tested to maximize the chances of 
detecting variation at polymorphic loci. For this purpose, four liver and muscle 
samples each from widely separated geographical sites of collection were chosen 
randomly, so as to represent the entire range of samples. 
For the enzyme systems studied, muscle samples did not provide any 
additional loci or better resolution of any locus, in comparison to that observed in 
liver. Therefore, the liver was chosen as the optimum tissue. 
Other conditions, that were found optimum, are given in table 4.1. Extract 
application volume (|al) and electrophoresis running time (min.) were optimized for 
individual enzymes, after other parameters have been optimized. The optimized 
parameters were used to resolve electrophoretic patterns of different enzymes for 
samples from all the localities. 
A4. Genotyping 
1. Designation of loci 
Loci were designated on the basis of distance of migration, which in turn 
depends on net charge and molecular weight of a particular protein. Higher the 
molecular weight, lesser is the migration. Highest molecular weight locus was 
designated as locus 1 of that enzyme, lower to that is 2 and so on. 
2. Designation of alleles 
At a particular locus, most common allele is designated as 100 and 
correspondingly based on rate of migration; other alleles were designated in reference 
of that allele. 
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3. Genotyping of individuals 
Individuals were genotyped at a particular locus based on number and 
pattern of bands at that locus. This is dependant on the subunit structure of enzyme 
system being studied, e.g. mono-, di-, tri- or tetra meric. 
Monomeric : In the homozygous condition, an equivalent version of the enzyme is 
produced by both of the chromosome pair, i.e. a "double dose". When these loci 
produce different allelic products in the heterozygous condition, the dose is equivalent 
for each version but each as half of the double dose of the homozygous condition. 
Thus expected ratio of expression of the two products in the heterozygosity is 1:1 
(Whitmore, 1990). 
Dimeric : Homomers of dimeric enzymes are comprised of two subunits. 
Homozygotes express a single zone of activity because all gene products have 
combined identical entities regardless whether the subunits are products of the same 
locus or its pair in a diploid (Whitmore, 1990). 
Heterozygotes express homomers and heteromers. The quantity of 
heteromer would be twice that of either homomer if the subunit has combined 
randomly. The expected ratio of the three kinds of products would be 1:2:1. The 
heteromer would be expected to have an electrophoretic mobility equidistant between 
that of the two homomers (Whitmore, 1990). 
Tetrameric : Homomers of tetrameric enzymes comprise of five subunits. Five 
zones of activity are expected in heterozygosite of tetrameric enzymes in a ratio of 
1:4:6:4:1 (Whitmore, 1990). 
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III. MICROSATELLITES ANALYSIS 
A. ISOLATION OF GENOMIC DNA 
Total genomic DNA from ethanol preserved blood was extracted by the 
modified procedure of Ruzzante et. al. (1996). 
Al. Lysis of ethanol fixed blood cells 
Approximately 50 i^l fixed blood cells were centrifuged at lO.OOOrpm for 20 
min at 4°C in a 50 ml centrifuged tubes. Then, cells pellet was washed with 1.0 ml 
high T.E. buffer (Annexure II) twice with centrifugation at 10,000 rpm for 20 min at 
4°C. Washed blood cells were incubated in 0.5 ml incubation buffer (Annexure II) at 
37 °C for overnight. 
A 2. Purification and Precipitation of DNA 
After incubation, sample was extracted with tris-satured phenol: chloroform: 
isoamyl alcohol (25: 24: 1 v/vl) by centrifugation at 10,000 rpm for 10 min at 20°C. 
The supematent was extracted again with chloroform: isoamyl alcohol (24:1 v/v) by 
centrifugation. Precipitation of DNA was done by adding one tenth volume of 3 M 
sodium acetate (pH 5.2) and 2.5 times ice cold absolute ethanol. Then, DNA pellet 
was obtained through centrifugation at 10,000 rpm for 10 min at 4°C and washed with 
70% ethanol After drying, pellet was suspended in TE (pH 8.0) (Annexure II) and 
stored at 4°C. 
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A 3. RNase Treatment 
RNase treatment was done by adding Ij^ l RNAase (Annexure II) to DNA 
solution and incubated at 37°C in water bath for 2 hours and stored at 4°C. 
A4. Quantification of DNA 
Concentration of DNA was determined through gel electrophoresis in 0.7% 
agarose with ethidium bromide incorporated and dissolved in 0.5 X TAE buffer. The 
gels were run at 70 V/cm and visualized under UV florescence. The concentration of 
total DNA was determined by comparing with the known quantity of DNA and 
adjusted to 25 ng DNA / |J1 suspension by serial dilutions and stored at 4°C, to be used 
as template for PCR. 
B. METHODOLOGY FOR AMPLIFICATION OF MICROSATELLITE LOCI 
BL Polymerase chain reaction conditions 
• Template DNA concentration 
For PCR of microsatellite loci, 25-50 ng of total DNA was used as template 
DNA, in a total reaction volume of 25|al. 
• Reaction mix 
The amplification reaction mix contained IX PCR buffer (10 mM Tris-HCl, 
pH9.0, 50 mM KCl; 0.01% gelatin), 2.0 mM MgCb. 0.2 mM each dNTP, 5 pmoles of 
forward and reverse primer each, 1.5 U of Taq Polymerase and template DNA. 
Reaction conditions 
Amplification reaction was performed in a MJ Research PTC 200 
thermocycler with the following conditions: 
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(i) Initial denaturation at 94°C for 5 minutes (1 cycle), 
(ii) Denaturation at 94°C for 30 seconds, annealing at temperature for 30 seconds and 
elongation at 72°C for 1 minute (for 25 cycles) 
(iii) Final elongation at 72° C for 4 minutes (1 cycle) and 
(iv) Soak at 4°C. 
Following amplifications, the PCR products were stored at 4°C and analyzed within 24 
hours. 
B2. Polyacrylamide Gel Electrophoresis and Staining 
The amplified products were analyzed by polyacrylamide gel 
electrophoresis On 6-10% non -denaturing polyacrylamide (19:1) gels with 1 X TBE 
as gel rurming buffer (Annexure II). The gels were run for 4-5 hrs at lOV/cm at 4 -6°C. 
The bands were visualized by staining with silver stain (Silver Staining Kit, 
Amersham Pharmacia Biotech USA) and their images were stored in the computer. 
The DNA size marker (Msp I cut pBR322 DNA) was run on both sides and in the 
middle of the gel to determine the size of the amplified products. For resolving the 
PCR products for cross species amplification, the PCR products were analyzed on 
10% PAGE gels. 
C. STANDARDIZATION OF PCR AND PAGE CONDITIONS 
CI. Optimization of PCR and PAGE conditions 
• Total DNA Concentration 
The initial tests were done using 50 ng, 25 ng and 10 ng DNA per PCR reaction. 
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• Annealing temperature of primers 
The annealing temperatures were based on the composition of the forward and 
reverse primer sequences. Tm was calculated individually for both the primers. 
T^=[{2(A+T)+4(G+C)}] 
where Tm = Melting temperature of primer 
A+T= the sum of the nitrogenous base Adenosine and Thymine 
G+C= the sum of the nitrogenous base Guanine and Cytosine 
Armealing temperature of a primer was calculated 3-10 °C below the melting 
temperature of the primer. 
• Primer Concentration 
5 pmoles each of forward and reverse primer was used. 
• Electrophoresis 
a. Gel Concentration: 
The amplified products were initially run on 10% PAGE. According to the size of 
the amplified product 6%, 8%, 10% gels were used. 
b. Sample Volume: 
Different volumes loaded on the gels and according to the resolution the sample 
volume was standardized. 
c. Running time: 
Initially all the gels were run for 5 hrs on 10% non-denaturing polyacrylamide 
(19:1) gels using IX TBE as running buffer and then standardized according to the 
product size. 
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D. STRATEGY FOR MICROSATELLITE ANALYSIS 
Dl. Identification of Microsatellite markers for population studies 
• Collection of microsatellite/ primer sequences 
Available microsatellite information in closely related species (upto 
order/family level) were collected from ASFA, recent issues of related journals and 
Genbank through Internet was reviewed till 2003. The available and designed 
microsatellite primer sequences are given in Annexure III. 
• Designing of primers for microsatellite sequences and custom synthesis of 
primers 
Wherever microsatellite sequences were available but not the primer 
sequence for a particular locus, the primers for microsatellite sequences were designed 
through softwares PRIMER3 (Rozen and Skaletsky, 1998) and DNASIS and custom 
synthesised for use. 
D2. Cross-species amplification of microsatellite loci in Labeo dero using 
microsatellite primers of related species 
Microsatellite Primers Tested 
For identification of additional microsatellites in Labeo dero, twenty four 
primers from Cyprinus carpio, 5 from Catla catla, 5 from Barbus barbus, 5 from 
Barbodes goniotus, 6 from Labeo rohita, 10 from Campostoma anomalum and 7 from 
Pimphales promelas were tested for cross species amplification (Table 3.3). These 
belong to the same family Cyprinidae as that of L. dero. Primer sequences of each 
microsatellite locus are given in Armexure III. 
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Table 3.3 - Selected microsatellite sequences and primers for cross species 
amplification in Labeo dero. 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
Tota 
Donor 
species 
Cyprinus 
carpio 
Barbus 
barbus 
Catla catla 
Barbodes 
goniotus 
Labeo rohita 
Campostoma 
anomalum 
Pimphales 
promelas 
tested 
No.of 
primer 
pairs 
tested 
21 
2 
1 
5 
5 
5 
6 
10 
7 
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Loci/Primer 
MFWl, 2, 
6, 7, 9, 11, 
14, 15, 16, 
17, 18, 19, 
20, 23, 24, 
26, 28, 29, 
30,31,32 
Cc80 and 72 
Cca30 
Barb37, 54, 
59, 62, 79 
Cca/G1,G2, 
A12, C3 and 
A7 
Bgo 80, 81, 
82, 83 and 
84 
Rl, 2, 3, 5, 
6 and 12 
Ca3, 5, 6, 8, 
10, 11, 12, 
15,16 and 
17 
PproA%, 
80,118, 
126,132,168 
and 171 
Genebank 
Accession No. 
AY 169249-50 
AB043469 
AF045378-82 
AJ291680-84 
AJ507518. 
22,24 
AF277575,77, 
78,80,82-84, 
87-89 
AY254350-
254357 
Status 
A 
A 
A 
A 
B 
A 
A 
References 
Crooijmans 
et. al, 1997 
Yue et. al, 
2002 
Aliah, et. al, 
1999 
Chenuil et. 
al, 1999 
Naish and 
Skibinski, 
1998 
McConnell, 
2000 
Das, 2000 
Dimsoski et. 
al, 2000 
Bessert and 
Guillermoorti, 
2003 
Status A: Microsatellite Primer sequences available in literature 
Status B: Only microsatellite sequences were available in literature, the primers were designed 
through PRIMER3 and DNASIS software. 
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D3. Identification of primers giving polymorphic microsatellite loci in Labeo dero 
The selected primer pairs were tested on ten individuals of Labeo dero 
through PCR and PAGE and primers amplifying distinct bands were identified. The 
amplified products were categorized as scorable and unscorable at a particular locus, 
as having one / two distinct bands at a particular locus and not distinct / more than 
two, respectively. The monomorphic locus has only one band in all individuals while 
polymorphic loci showed one/two bands in an individual. The primers that gave 
distinct polymorphic bands were then used in studying the population of L. dero 
collected from different river systems of India for genetic differentiation. 
E. SEQUENCING OF PCR AMPLIFIED MICROSATELLITE MARKERS 
El. Identification of samples 
Individuals with monomorphic genotype of most common allele, that gave 
dark bands, without any stutter bands were selected. After PCR amplification with 
primers for particular locus, 4 i^ l of reaction mix was loaded on polyacrylamide gels 
with IX TBE as rurming buffer, to check for amplification and approximate quantity 
of PCR product. 
E2. Primers for sequencing 
The primers used in PCR were used for sequencing on automated DNA 
sequencer ABI377 according to manufactures instructions. 
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F. GENOTYPING OF PCR PRODUCT 
Fl.Calculation of molecular weight of PCR Product 
Molecular weight of the PCR product was calculated with regard to the 
standard molecular weight markers with the software BIOVIS ID (Expert Vision, 
Mumbai). The bands having the same molecular weight are taken as the same allele 
for different individuals. 
F2. Assigning of alleles and genotyping 
The genotype of allele was designated according to the molecular weight of 
the PCR product, e.g. If an individual is homozygote for the allele with molecular 
weight of 100 bp, the individual is genotyped as 100100. In the case of heterozygous 
individual, the genotyping is done, according to the molecular weight of both the PCR 
products. 
F3. Data Recording 
The genotypes of all samples were entered in MS Excel sheets. The data was 
initially entered according to their loading sequences on gels and then it was sorted so 
that the data was arranged population wise with the genotype at all loci in their 
respective columns. 
G. STATISTICAL ANALYSIS OF DATA OF BOTH ALLOZYME 
AND MICROSATELLITE MARKERS 
Gl. Parameters of genetic variation 
To obtain allele frequencies, mean number of alleles per locus, 
heterozygosity values, expected (Hexp), observed (Hobs), polymorphism at 0.95 criteria 
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(P=0.95) and polymorphism at 0.99 criteria (P=0.99), the genotype data were analysed 
using software Genetix 4.05.2 (Belkhir et. al., 1997). 
Allele frequency 
Frequency of an allele is given by- -'^  Azat* / • '"-. 
2 Ho + He 
P= 
2N 
Where Ho = number of homozygotes o^r that allele 
He= number of heterozygotes for that allele 
N = number of individuals examined 
Heterozygosity 
The calculation of heterozygosity per locus is 
HL=1-Zx'i 
Where Xj is the frequency of the ith allele at a locus. 
G2. Test for conformity to Hardy Weinberg expectations 
In the present study, the options available in Genepop v.3.3 (Raymond and 
Rousset, 1995a) were used to determine conformity to Hardy Weinberg expectations 
of genotype frequencies. The probability test that follow exact Hardy Weinberg test of 
Haldane (1954) was used to compute the probability of confirmation to Hardy 
Weinberg expectations. The probabilities were computed for the null hypothesis (Ho) 
the populations follow Hardy Weinberg equilibrium. More powerful, score test 
(Rousset and Raymond, 1995) was employed calculate the probability, against the 
specific alternate hypothesis (Hi) of heterozygote deficiency or excess, as indicated by 
positive or negative Fis value. The software computes exact P-value by complete 
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enumeration method, when alleles are less than five. For more than five alleles 
(microsatellites), Markov chain method (Guo and Thompson, 1992) is used with 
parameters dememorization = 1000, batches= 100 and iteration = 100. The 
significance level of probabilities was estimated through sequential Bonferroni 
adjustment of critical level of 0.05 (Lessios, 1992). 
G3. Test for Linkage disequilibrium between pair of loci 
Probability values obtained from the test to determine linkage disequilibrium 
between pairs of allozyme and microsatellite loci in each sample was also calculated 
through option available in software Genepop ver. 3.3, probability test (Raymond and 
Rousset 1995a). Probability values for linkage disequilibrium between pair of loci 
were computed within samples and overall samples. The null hypothesis, the loci does 
not exhibit linkage disequilibrium, was examined at the probability level of 0.05, after 
adjusting for sequential Bonferroni correction (Lessios, 1992). 
G4. Inter population heterogeneity of allelic and genotypic frequencies 
Genetic homogeneity of nine sample sets was determined through an exact 
test (G based test) that assumes random samples of genotypes (Genepop ver. 3.3, 
Genotype differentiation test). This test was performed on genotype tables and 
possible non- independence of alleles wdthin genotypes will not affect test validity 
(Raymond and Rousset 1995b; Goudet et al. 1996). Standard Bonferroni correction 
was applied to significant levels, for the simultaneous tests made (Lessios, 1992). 
The null hypothesis in all the tests was, the genotype proportions are 
homogenous across the population. The test was performed and probabilities were 
computed for each pair of population at each locus and over all loci. The significance 
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of probabilities was compared to critical probability level 0.05, adjusted for sequential 
Bonferroni. 
G5. F-statistic 
Wright F (fixation)-statistics describes partitioning of genetic variability in 
population structure of diploid organism. The index Fjs refers to Hardy -Weinberg 
distribution of genotypes of individuals within subpopulations and Est genetic 
differentiation of sub populations within the total populations. Effectively Fis describes 
whether population of Homozygous (Homozygous allele within individual) in a 
sample is in agreement with a proportion expected under Hardy -Weinberg model. 
Where Pis is positive in local populations, this could be due to inbreeding and this 
index is often called as inbreeding coefficient. 
G6. Population differentiation (F,t) 
Est is an index of a genetic differentiation that describes how much variation 
in allele frequencies exists between the local populations. It can also be interpreted as 
variance of allele frequencies among local populations relative to the maximum value 
possible based on the mean allele frequency across all local populations. Alternative to 
Est that Rst allow for this difference in evolution of alleles in microsatellite loci. 
In the present study, Weir and Cockeram's (1984) estimator analogue of 
one of the Wright's statistics Est (Wright, 1951), was calculated with Genetix 4.05.2 
(Belkhir et al. 1997) for both allozyme and microsatellite loci. Eor the genotype data 
of microsatellite markers, Theta (0) was calculated over all loci across the samples for 
each pair of sample. Theta values range from 0 to 1. The population with no genetic 
differentiation will have value close to 0. The probability of accepting the null 
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hypothesis that Fstdose not deviate from zero was calculated through 1000 bootstrap 
(Genetix 4.05.2, Belkhir et al. 1997). The computed probabilities were compared to 
critical probability level of 0.05, after sequential Bonferroni correction to pinpoint the 
pair of samples that exhibit significant genetic differentiation. For visual display of the 
results, the genetic relationship, UPGMA dendrograms was constructed using pairwise 
theta value, using genetic data analysis (GDA ver 1,0) software (Lewis and Zaykin, 
2001). 
G7. Bottleneck analysis 
Populations that have experienced a recent reduction of their effective 
population size exhibit a correlative reduction of the allele numbers (k) and gene 
diversity (He, or Hardy-Weinberg heterozygosity) at polymorphic loci. For these 
purpose, probability values for ascertaining significance difference of expected 
heterozygosity (Hexp) values at individual loci from that at expected at mutation drift 
equilibrium (Heq) were calculated through the software Bottleneck ver. 1.2.02. 
(Comuet et. al, 1998), Bottleneck under infinite allele model (lAM) for allozyme loci. 
For microsatellite loci, estimates were made under infinite allele model (JAM), 
stepwise mutation model (SMM) and Two phase model (TPM). For microsatellite 
loci, TPM is generally recommended model, as all loci may not strictly mutate under 
SMM. 
Many genetic indices have been developed based on the assumptions, 
among others, that variation is due to point mutation in DNA sequence and their is 
relatively constant to point mutation. Infinite allele model (lAM) is based on the 
assumption that all new alleles arise de novo and there are an infinite number of 
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potential alleles at a locus. However, microsatellite allele differs from one another by 
number of repeats and there are not an infinite number of new alleles. One allele gives 
rise to another by addition or loss of a repeat. This is called stepwise mutation model 
(SMM). 
Wilcoxon's rank test was used to determine, if a population exhibits a 
significant number of loci with heterozygosity excess. The null hypothesis for the test 
was there is no excess heterozygosity. 
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RESULTS 
& 
DISCUSSION 
CHAPTER 4 
RESULTS AND DISCUSSIONS 
I. IDENTIFICATION OF MARKERS IN LABEO DERO 
A. ALLOZYME MARKERS 
In L. dero, a total of eighteen enzyme systems were tested for 
identification of allozyme loci. The names of enzyme system, loci and enzyme 
commission number are given in table 4.2. Out of muscle and liver samples tested for 
the above enzyme systems, muscle samples did not provide any additional loci or 
better resolution of any locus in comparison to that observed in liver. Therefore, the 
liver was chosen and @ SOOmg.ml'' of extraction buffer was found to be optimum for 
staining of all the loci in different enzyme systems. 
Based on the good resolution and band intensity to score allelic variation, 
out of three concentrations (7, 8, and 9%) of polyacrylamide gels tested, 8% 
polyacrylamide gel concentration and TBE (D) as running buffer was selected for 
electrophoresis. The optimized extract application volume (\i\) and electrophoresis 
running time (min.) for individual enzyme were optimized and the optimum values 
for these parameters are given in table 4.1. 
Out of eighteen enzyme systems tested, two enzymes i. e.. Acid 
phosphatase and Glucose-6-phosphate dehydrogenase did not yield consistently 
scorable patterns and thus not included in the further analysis. 
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Table 4.1- Parameters optimized for allozyme electrophoresis in Labeo 
dero. 
SI. 
No. 
1 
2 
3 
4 
5 
6 
Parameters 
Tissue 
Tissue(mg) 
/extraction medium ' 
(ml) 
PAGE concentration 
Running buffer 
Extract volume loaded 
Running time 
Variation tested 
Liver/ Muscle 
250mg.mr',333mg.mr'& 
SOOmg.ml"' 
7, 8, 9 % 
TBE (D) '\ TCE (D)' ' 
1,3,6^1 
45-150 min. 
Found optimum 
Liver 
SOOmg.ml'' 
8% 
TBE (D) 
Individual enzyme 
table 4.2 
Individual enzyme 
table 4.2 
•'-Extraction medium - Liver- (0.17 M Sucrose, 0.2 M EDTA, 0.2 M Tris-HCl, pH 7.0) and 
Muscle- 10 % Sucrose 
•^-TBE(D) - 500 mM Tris, 650 mM Boric acid, 16 mM EDTA, pH 8.0 
•^-TCE(D) - 500 mM Tris, 650 mM Citrate, 16 mM EDTA, pH 8.0 
In present studies, sixteen enzyme systems were considered that 
yielded a total of twenty eight scorable loci with consistent and clear patterns. 
Genotyping of individuals at each of twenty eight scorable loci was done on the basis 
of the known unit structure of the enzymes (Whitmore, 1990), identified as 
homozygote or heterozygote. So, in enzymes with monomeric subunit structure, 
heterozygote had two banded structure, while with dimeric and tetrameric subunit 
structure, heterozygote three and five banded structures, respectively. 
In L. dero, eight loci (28.6%) EST-1*, EST-2*, GPDH* PGDN*, XDH*. 
GPI*, PGM-2*, and MDH-2* were found to be polymorphic. There was no evidence 
of allele variant at remaining nineteen loci (67.9%) studied in sixty individuals from 
four i.e., Beas (Pathankot, Punjab, n=15), Ganga (Ajetpur, Uttarachal, n=15). 
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Yamuna (Yamunanagar, Haryana, n=15) and Jiabharali - Tributary of Brahmaputra 
(Bhaluk Pong, Arunachal Pradesh, n=15)] riverine systems. 
Number of alleles in polymorphic loci 
In L dew, loci EST-/* EST-2*, XDH* and PGM-2* were characterized 
by two banded structure in heterozygote form, confirming to the expected pattern for 
a monomeric enzyme. Loci EST-1* andi EST-2* had three alleles i. e., 92,100,106 and 
100,108,113, respectively (Fig 3 a, b). XDH* was represented by two alleles and its 
alternate allele was designated as 108 on the basis of its mobility with respect to most 
common allele 100 (Fig 3 h). PGM-2* was represented by two alleles and designated 
as 100 and 113 (Fig 3 g). 
Loci GPDH*, PGDH*, GPI* and MDH-2* were characterized by three 
banded structure in heterozygote, confirming to the expected pattern for a dimeric 
subunit structure, reported in fishes (Whitmore, 1990). GPDH* was expressed with 
three alleles, designated as 84 and 113 in L dero (Fig 3 e) and in PGDH* the 
alternate allele was designated as 113 (Fig 3 d). GPI* was expressed by three alleles 
and their alleles were 85,100, 115 (Fig 3 c). MDH-2* had one alternate allele to the 
most common allele of i.e., 115 (Fig 3 f). 
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108/108 
113/113 
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100/115 
100/108 
115/115 
100/100 
(c) GPI* 
1 : 85/85 
2,3 : 100/100 
Figure 3 : Polymorphic allozyme loci and different genotypes 
observed in Labeo dero. 
1-11 different individuals. 
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1 2 3 4 5 6 7 8 9 10 11 
• ^ M r i W ppp ^w w^ 
(d) PG7)i/* 
1,7 
2,3 
4,5,6 
: 100/100 
: 100/100 
: 100/113 
(e) GPDH' 
1,3 : 113/113 
2,4,5,: 100/100 
7-11 
6 : 113/113 
(c) MDH-2* 
1-6, : 100/100 
8-15 
7 : 115/115 
Figure 3 (contd) : Polymorphic allozyme loci and different 
genotypes observed in Labeo dero. 
1-15 different individuals. 
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1 2 3 4 5 6 7 8 
(•MIMilA 
1 2 3 4 56 7 8 9 10 1112134445 
Mil N | l N "^^  ^ Hl^ 
(d) PGM-1* 
1-6,8 : 100/100 
PGM-2* 
1-6,8 : 100/100 
7 : 113/113 
(e) XDH* 
1,2,5-7,15 : 100/108 
3,4 : 108/108 
8,9,11-13 : 100/100 
10 :97/97 
14 :97/100 
Figure 3 (contd): Polymorphic allozyme loci and different 
genotypes observed in Labeo dew. 
1-15 different individuals. 
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Discussion 
In the present study from the 16 enzyme systems, 28 allozyme loci were 
identified and used for analysis in Labeo dero. Eight loci (28.6%) EST-I*, EST-2*, 
GPDH* PGDN*, XDH*, GPI*, PGM-2*, and MDH-2* were polymorphic. Similarly 
in Leuciscus sonifia and Alburnoides bipunctatus, out of 32 allozyme loci, 17 (53.13) 
were found to be polymorphic (Gilles et. al, 1998) where as Laroche et. al. (1999) 
found that in chub and roach from Europ 14.2% and 23.06% of allozyme loci were 
polymorphic, respectively. However in common carp, Kohlman and Kerstem (1999) 
observed 45-50% of polymorphic loci in 11 German and 5 foreign common carp 
populations, while among Xingguo red common carp {Cyprinus carpio singuonensis, 
glass red common carp (C.c.wananensis), purse red common carp C.c. wuyuanesis) 
and Oujian colour common carp (C.c. color), highest percentage of polymorphic loci 
was observed in purse red common carp (21.05%), Oujiang colour CC was equal to 
glass red CC (15.79%), the lowest level of polymorphic loci was observed in Xingguo 
red common carp (10.53%) (Wan et. al., 2004). 
In the present studies, two or more alleles were observed at polymorphic 
loci in L. dero. In other cyprinids also, number of alleles of same polymorphic loci 
were observed, in Labeo dyocheilus (Punia et. al, 2004), Cirrhinus mrigala (Singh 
et.al, 2004), Sander lucioperca (Poulet et.al, 2004), Common carp (Desvignes et.al, 
2001), European cyprinids (Hanefling and Brandl, 2000), Zacco pachycephalm 
(Wang et.al, 1999), , Leuciscus soufia (Gilles et.al, 1998), Leuciscus cephalus 
(Hanefling and Brandl, 1998). Similar pattern was also observed in cold water fishes, 
hatchery Oncorhynchus kisutch (Winkler et.al, 1999 and Perze et. al, 2001), 
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Oncorhynchus keta (Scribner et.al, 1998) and Oncorhynchm nerka (Hendry et. al, 
1996). 
B. MICROSATELLITE MARKERS 
In cross-species amplification of microsatellite loci, sixty-two primer pairs 
from seven donor species were tested for identification of homologous microsatellite 
loci in Labeo dero (table 4.3). Successful amplification was achieved with nineteen 
(30.64%) primer pairs of related species i. e., eight (33.3%) from Cyprinus carpio, five 
(83.3%) from Labeo rohila and two (40%) each from Barbodes goniotus, 
Campostoma anomalum and Pimphales promelas. All the primer pairs amplified only 
single locus except R-6 from Labeo rohita that amplified two loci in L. dero. 
o 
Primer sequences, specific annealing temperature (Tg C) in resource 
species and L. dero and optimum polyacrylamide gel concentration for each amplified 
product are given in table 4.4. The optimum annealing temperature was determined 
through experimental standardization for each primer pair. The optimum annealing 
temperatures, to obtain scorable band pattern in L. dero for MFW-1,- 9, -11, -15, -17,-
19, -24 and 26 differed from that reported for the respective primer pairs in the 
resource species. Whereas, the annealing temperature for primers of Bgon-80, -84, R-
1,-3,-6,-12, Ca-10, -12 and Ppro-48, -80, -171, microsatellite loci were found to be 
the same as reported for the respective resource species. For maximum resolution of 
the bands for all microsatellite loci, 8% was found to be optimum in MFW-17* and 
Ca-12* loci, 12% in MFW-26* locus and remaining in 10% polyacrylamide gel 
concentration. 
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Table 4.3- Primers of Microsatellite loci tested for cross-species amplification in 
Labeo dero. 
SI. 
No. 
1 
2 
3 
4 
5 
6 
7 
Tota 
Donor 
Species / 
(Subfamily) 
Cyprinus 
carpio 
(Cyprininae) 
Barbus 
barbus 
(Cyprininae) 
Catla catla 
(Cyprininae) 
Barbodes 
goniotus 
(Cyprininae) 
Labeo rohita 
(Cyprininae) 
Campostoma 
anomalum 
(Leuciscinae) 
Pimphales 
promelas 
(Leuciscinae) 
tested 
No.of 
primer 
pairs 
tested 
21 
2 
1 
5 
5 
5 
6 
10 
7 
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Primer 
pairs 
MFW1,2, 
6,7,9,11, 
14, 15, 16, 
17,18, 19, 
20, 23, 24, 
26, 28, 29, 
30,31,32 
cc 80 and72 
Cca30 
Barb37, 54, 
59, 62, 79 
CcatGl, 
G2,A12, 
C3,A7 
BGO80, 81, 
82, 83 and 
84 
R l ,2 ,3 ,5 , 
6 and 12 
Ca3, 5, 6, 8, 
10, 11, 12, 
15,16 and 
17 
PproA%, 
80,118, 
126,132,168 
and 171 
Genebank 
Accession 
No. 
AY 169249-50 
AB043469 
AF045378-80 
AJ291680-84 
AJ507518-
22,24 
AF277575,77, 
78,80,82-84, 
87-89 
AY254350-
254357 
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In L. dero, out of twenty four primer pairs of Cyprinus carpio eight yielded 
amplified products (table 4.5 a). Five microsatellite loci, namely MFW-1*,-15*, -17*, 
-24* and -26* were found to be polymorphic, whereas MFW-9*, -11*, and -19* were 
monomorphic. Primers from Barbus barbus and Catla catla did not yield amplified 
product. For cross amplification in L dero, two of the five primer pairs of Barbodes 
gonionotus amplified as monomorphoc loci i. e., Bgon-80* and -84*. Four out of six 
primer pairs from Labeo rohita were yielded amplified PCR products. Two loci, R-3* 
and R-12* were found to be polymorphic whereas R-1 * and R-6* were monomorphic. 
Locus Ca-12* was polymorphic and one locus Ca-10* was monomorphic, amplified 
from primers of Campostoma anomalum. Two monomorphic loci {Ppro-48* and 80*) 
in L. dero resulted from total seven primer pairs of Pimphales promelas (table 4.3). 
Number of polymorphic loci and alleles 
Thus, a total of ninteen microsatellite loci in Labeo dero were identfied. Out 
of these, eight (MFW-1*, -15* -17*,- 24* -26* R-3*, -12* and Ca-12* ) were 
polymorphic, while ten (MFW-2*, -11*, -19*, Bgon-80* ,-84*. R-1*, - 6*-l, -6*-ll, 
Ca-10* and Ppro-48*, -80*) monomorphic (table 4.5 a). The total number of alleles 
and molecular size range of the alleles, observed in fifty five individual from three 
riverine systems, viz., Satluj, Ganga and Yamuna in intial studies are given in table 4.5 
a. The number of allele at each polymorphic locus MFW-1*, -15*, -17*, -24*, -26*, R-
3*, -12* and Ca-12* were four (169-189 bp), three (150-16 bp), four (198-214 bp), 
two (161-165 bp), three (114-106 bp), five (118-92 bp), four (124-115 bp) and five 
(192-164 bp), respectively (fig. 4, a, b, c, d, e, f, g, h). Monomorphic loci, MFW-11*, 
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//*, -19*. Bgon-80*r84*, R-J* -6*-I, -6*-II, Ca-10* and Ppro-48*,-80* had alleles 
of 383, 165, 168, 145,123, 190 and 228 bp, respectively. 
Repeat sequences in identified microsatellite loci in L. dero 
To confirm the nature of the amplified products in L. dero, the most 
common allele of each polymorphic and one monomorphic loci were sequenced. The 
allele size and repeat sequences are given in table 4.5 b. The perfect microsatellite 
repeat (GT) sequences were present in locus R-3* and compound repeats in loci MFW-
1* -15* -24*. While loci MFW-ll*. -17*. -26*. R-12* and Ca-12* consisted of 
combination of repeat sequences i.e. compound and imperfect repeats. 
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Table 4.4 - Characteristics of microsatellite loci amplified in Labeo dero. 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Resource species 
Species 
Cyprinus 
carpio 
Barbodes 
goniotus 
Labeo 
rohita 
Camposto 
ma 
anomalum 
16 
Pimphales 
promelas 
Locus 
MFW-I* 
MFW-2* 
MFW-I 1* 
MFW-15* 
MFW-19* 
MFW-17* 
MFW-24* 
MFW-26* 
BGO-80* 
BGO-84* 
R-I* 
R-6* 
R-3* 
R-12* 
Ca-IO* 
Ca-12* 
Ppro-48* 
Ppro-80* 
Primer sequence (5'—»3') 
GTCCAGACTGTCATCAGGAG 
GAGGTGTACACTGAGTCACGC 
CACACCGGGCTACTGCAGAG 
GTGCAGTGCAGGCAGTTTGC 
GCATTTGCCTTGATGGTTGTG 
TCGTCTGGTTTAGAGTGCTGC 
CTCCTGTTTTGTTTTGTGAAA 
GTTCACAAGGTCATTTCCAGC 
GAATCCTCCATCATGCAAAC 
CAAACTCCACATTGTGCC 
CAACTACAGAAATTTCATC 
GAAATGGTACATGACCTCAAG 
CTCCAGATTGCACATTATAG 
TACACACACGCAGAGCCTT 
CCTGAGATAGAAACCACTG 
CACCATGCTTGGTGCAAAAG 
TCTTGTTGATCACACGGACG 
ACAGATGGGGAAAGAGAGCA 
CAATTACAAGGGGTTACATACTGA 
CATCTAACATTGCCTTGGGG 
CGAGACACCAGAGAAAAGAC 
GGGACATAATGTTGGGATAA 
TATCCTGGCTGAAAACTTTG 
CTACAGGAACAACCATCACC 
TATTCACCCCAAATCCATTA 
GACCCTTGTGCATAAGACC 
CTATTCCTGTGCAGACCTTC 
GATACACGTCCAGTTTCACC 
CTGCACGGGTTTTAATATCTT 
AATGATGTCATCGCCATGTA 
GTGAAGCATGGCATAGCACA 
CAGGAAAGTGCCAGCATACAC 
TGCTCTGCTCTCCTGCGTGTCATT 
CAGCCTCGGCGGTGTTGTTGC 
AGCGATTCAACACCTTCAGGA 
GTGGGGAATGGATCGAAACAAT 
T. 
(°C) 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
50 
50 
50 
50 
55 
55 
50 
55 
Labeo dero 
T, 
(°C) 
57 
59 
57 
51 
49 
51 
51 
51 
55 
55 
50 
50 
50 
55 
55 
55 
50 
55 
Quality 
of 
Product 
S 
F 
F 
S 
S 
S 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
Polyacryl. 
Gel cone 
(%) 
10 
10 
10 
10 
10 
8 
10 
12 
10 
10 
10 
10 
10 
10 
10 
8 
10 
10 
S = Good intensity bands, Scorabie; F = Faint intensity bands 
Ta =• Annealing temperature of primers 
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Table 4.5 a - Number of alleles and allele size range at each polymorphic and 
monomorphic microsatellite loci ofL. dero. 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Locus 
Polymorphic loci 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
R-12* 
R-3* 
Ca-12* 
Monomorphic loci 
MFW-2* 
MFW-U* 
MFW-19* 
Bgon-80* 
Bgon-84* 
R-1* 
R-6*I 
R-6*I1 
Ca-10* 
Ppro-48* 
Ppro-80* 
Number of 
alleles 
4 
3 
4 
2 
3 
4 
5 
5 
Allele (bp) 
169-189 
150-160 
198-214 
161-165 
114-106 
124-115 
118-92 
192-164 
384 
150 
165 
114 
238 
116 
168 
145 
123 
190 
228 
Figures 
4,a 
4,b 
4,c 
4,d 
4,e 
4,f 
4,g 
4,h 
-
-
-
-
-
-
-
-
-
-
-
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Table 4.5 b - Repeat motif in identified microsatellite loci in Labeo dero. 
s. 
No 
1 
2 
3 
4 
5 
6 
7 
8 
' 
Locus 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
R-12* 
R-3* 
Ca-12* 
MFW-11* 
Nature 
Poly. 
P9ly. 
Poly. 
Poly. 
Poly. 
Poly. 
Poly. 
Poly. 
Mono. 
Resources 
species 
CA 
CA 
CA 
CA 
CA 
AC 
GT 
(TAGA),o 
(CAGA)4 
(TAGA)2 
CA 
Repeat motif 
Allele 
(bp) 
173 
150 
204 
161 
110 
119 
110 
180 
152 
Labeo dero 
(GA)3(GT)8(GA),3 
(AC)8(AG)2 
(CA)2 TA (CA)4 TA (CA)6 N CA GA 
(GT)6(GA)4 
(GCT)2C(GT)4AT(GT)7 
(AC),oN73(GT)5 
(GT)7 
(CAT)4 (AT)2 GTA (GTCT); A (CT)2 
(N)6(ATCT)3 
(TG)3 TA (TG)2 C (TG)3 GCC (TA)3 
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(a) MFW-r (b) MFW-15* 
1 
2 
3 
4 
5 
6 
169/169 
169/169 
177/169 
173/169 
181/171 
171/171 
7 
8 
9 
10 
11 
12 
173/173 
181/177 
177/171 
177/173 
173/173 
173/173 
1 
2 
3 
4 
5 
6 
150/150 
150/150 
158/150 
160/150 
150/150 
7 
8 
9 
10 
158/150 
148/148 
154/154 
150/150 
11 : 150/150 
158/150 12: 150/150 
(c) 
217 
190 1 
2 
3 
4 
5 
6 
MFfF-/7* 
204/204 7 
204/204 8 
208/198 9 
208/208 10: 
198/198 11 : 
208/208 12: 
: 208/204 
: 204/204 
: 204/204 
208/204 
204/204 
204/210 
Figure 4 : Polymorphic microsatellite loci and different genotypes 
observed in Labeo dero. 
M-standard molecular weight marker pBR 322DNA/ 
Msp I digest, 1-12 different individuals. 
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160 
M l 2 3 4 5 6 M 7 8 9 101112 M 
M 1 2 3 4 5 6 M 7 8 9 10 1112 M 
:^ 
«v«3 ^^^ Wi^" w^^ ^ ^ v ^ ^ ^ 2 i * *•""'• ^ -^ 
147 
r^ > MFW-24 (e) MFW-26* 
1-10,12 : 161/161 
11 : 165/161 
1,9 : 110/106 
2-7,10,11 : 110/110 
8 : 106/106 
(f) Ca-12* 
1,3,5,6 
2 
4,11 
7 
8 
9,10 
12 
184/180 
180/176 
184/184 
180/176 
180/188 
188/188 
192/184 
Figure 4 (contd): Polymorphic microsatellite loci and different 
genotypes observed in Labeo dero. 
M-standard molecular weightmarker pBR 
322DNA/Msp I digest, 1-12 different individuals. 
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147-
110 
M 1 2 3 4 5 6M 7 8 9 10 11 12 M 
' •p i«P i r *« -S | -P M K • • 
(g) R-12^ 
1,4 
2,3,6 
5 
7 
9,1012 
115/115 
119/115 
119/119 
124/119 
180/176 
'^TTTTTTJW^I'rTWiryr 
S3 V. vtf t t « * — • - iW^w^t : 
(h) R-3^ 
1,2,11 
3,6,7 
4,5 
8,9 
10 
104/100 
108/100 
100/100 
100/100 
100/92 
^ 
^ 
y 
no 
90 
Figure 4 (contd) : Polymorphic microsatellite loci and different 
genotypes observed in Labeo dew. 
M-standard molecular weight marker pBR 
322DNA/Msp I digest, 1-12 different individuals. 
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Discussion 
The success of amplification across genera observed in this study agreed 
with that microsatellite locus can be obtained by using primer sequence developed for 
closely related species (Zheng et. ai, 1995; Zardoya et. al, 1996; Smith et. al. 1998; 
Mcquown et. al, 2000; Mohindra et. al, 2001). 
The present study demonstrated the successful amplification of scorable 
loci with MFW-1, -2, -11, -15, -17, -19, -24 and 26 primer pairs from Cyprinus carpio 
in L. dero. MFW-1*, -15* and 17* loci were found to be polymorphic in L. dero, in 
addition to MFW-24* and 26* and rest were monomorphic. Tong et. al (2002) 
assessed 18 primer pairs developed for Cyprinus carpio in Hypophthalmichthys 
molitrix and Arstichthys nobilis. Seven (38.9%) primers amplified homologous loci in 
H. molitrix were polymorphic with 2 to 6 alleles, while in A. nobilis, six (33.3%) were 
found to yield polymorphic loci with 2 to 5 alleles. Mohindra et. al (2004a, b) used 21 
primer pairs of C. carpio in Tor putitora and Labeo dyocheilus. Six (28%) of them 
yielded scorable band pattern in T. putitora and in L. dyocheilus, eigth (33%i) yielded 
amplified product. Loci MFW-11*, -26* were found to be polymorphic in T. putitora 
and MFW-1*, -2*,- 9* and 15* in L. dyocheilus, in addition, locus MFW-17* were 
polymorphic in both the species. Loci MFW- 2* and 7* were found to be 
monomorphic in T. putitora and MFW-19* and 26* were monomorphic in L 
dyocheilus, in addition locus MFW-24* in both the species. Lai et. al, (2004) used 24 
primer pairs of C. carpio in C. mrigala. Seven (29.1%) primer pairs yielded amplified 
product. Loci MFW-1*, -2* and 17* were found to be polymorphic in C. mrigala in 
addition to MFW-9*, -11*, -15* and 24* were monomorphic. Yue et. al. (2004) used 
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34 primer pairs of C carpio in Carassius auratus gibelio. 41.7% (15/34) primer pair 
amplified specific and polymorphic PCR product in Carassius auratus gibelio. 
In present studies, L. dero, no amplification was observed with Barbus 
barbus and Catla catla microsatellite primers. However, Chenuil et. al. (1999) tested 
primer pairs for Barbus barbus for cross species amplification in other cyprinids. 20-
100% successful amplification was found at different six loci. Mohindra et. al. (2004a) 
assessed six primer pairs developed for Barbus barbus in T. putitora. Three (50%) 
primer pairs Barb- 37, -59 and 62, yielded polymorphic microsatellite loci (allele 2 to 
11). Lai et. al. (2004) used five primer pair of Barbus barbus in C. mrigala. One 
{Barb -54*) of them was polymorphic with two alleles. Mohindra et. al. (2001), cross-
primed Catla catla microsatellite CcatG-1 * locus primer in Labeo rohita and found 
successful homologous amplified locus. Naish and Skibinski (1998) developed primer 
pairs for Catla catla and reported unsuccessful amplification in C. mrigala. Lai et. al. 
(2004) demonstrated the successful amplification at loci Cc-7*, Cc-11*, CcatG-1*, 
Ccat-C3* {fxom C. catla, Naish and Skibinski, 1998) in C. mrigala. 
In the present study, two primers {Bgon-SO and 84) were successfully 
amplified as monomorphic bands in L dero from Barbodes gonionotus. Mohindra et. 
al. (2004c) used five primer pairs developed for Barbodes gonionotus in L. dyocheilus. 
Two (40%) primer pairs Bgon-17 and 22, yielded monomorphic amplified PCR 
product. Lai et. al. (2004) assessed five primer pairs developed for Barbodes 
gonionotus in C. mrigala. Two (40%) primer pairs Bgon-17 and 22, yielded scroable 
bands, in which, locus Bgon -22* were found to be polymorphic with three alleles and 
Bgon-17* was monomorphic. 
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In present studies, four primers of Labeo rohita were amplified in L. dero. 
Two primers yielded monomorphic and two gave polymorphic bands. Whereas 
Mohindra et. al. (2004c) used six primer pairs of Labeo rohita in L. dyocheilm. Four 
primer pairs, R-1, -3, -6, -12 yielded amplified PCR product. One of them R-12 was 
found to be polymorphic. 
In present study, one primer pair of Campostoma anomalum was 
successfully amplified homologous locus in L. dero, which was polymorphic. Overall 
23-35% successful amplification was reported (Dimsoski et.al, 2000). 
In present study, in L dero, two primers {Ppro-48 and 80) of Pimphales 
promelus was sucessfully amplified as monomorphic bands. Bessert and Ortiz (2003) 
reported that out of the seven loci of Pimphales promelus, five loci Ppro48*, 80*, 
118*, 126* and 171* yielded homologous polymorphic loci in P. nolatus. In P. vigilax 
only four loci Ppro50* 775* 126* and 132* were polymorphic. 28-85% successful 
amplificafion was found in seven different cyprinids (Bessert and Orti, 2003). 
The results from the present studies suggested that certain sequences 
flanking tandem repeats are conserved within the subfamily Cyprininae and to some 
extent between the subfamilies of Cyprinidae also. It is interesting that a sequence 
(Ca-12*) could be found in subfamily Cyprininae, homologous to the locus in 
subfamily Leuiscinae. Zheng et. al. (1995) demonstrated the possibility of using 
primers interspecifically among cyprinids. It is evident that amplification success was 
higher if primers are from the resource species within the subfamily Cyprininae, than 
from other subfamilies of Cyprinidae. In L dero, cross priming with the primers of 
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species within Cyprininae was found 20 to 50%, whereas amplification between the 
subfamilies was found to be 14.3 to 20%. 
The repeat motifs in the microsatellite markers identified in L dero revealed 
the same repeats as the resource species. However, in addition to these repeats, 
another kind of repeats were tandemly present, which are different in one base in 
repeat motif This can be due to the extreeam fast rate of evolution that may differ 
among the loci, but keeping the highly conservative flanking regions unchanged, as 
reported by Zardoya et. al, 1966. 
Optimum annealing temperature is crucial in polymerase chain reaction. To 
enhance the specificity of amplification, the annealing temperature should be at the 
lowest dissociation temperature of either primer (Kidd and Ruano, 1995). Some times 
it is necessary to try several annealing temperature over a range if accurate data or 
dissociation temperature are not available for the primers. In addition, if too many 
spurious products are amplified as a result of primer(s) annealing to the wrong 
template, increasing the annealing temperature may improve the result (Kidd and 
Ruano, 1995). It is evident from many reports that annealing temperature in test 
species was violated from the resource species, to get the scorable bands. Mohindra et. 
al. (2004 b) demonstrated that the optimum annealing temperature in Labeo 
dyocheilus were different from resource species, Cyprinus carpio, Barbus barbus, 
Barbodes gonionotus and Campostoma anomalum. Mohindra el. al. (2004a) and Lai 
et. al. (2004) demonstrated the optimum annealing temperature in Tor putitora and in 
C. mhgala differed from resource species, Cyprinus carpio, Barbus barbus and 
Barbodes gonionotus. The optimum annealing temperature, to achieve scorable band 
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pattern in Labeo dero same from that reported for the respective primer pair in the 
resource species at all the loci except Cyprinus carpio primers. Tong et. al. (2002) 
used different annealing temperature in H. molitrix and A. nobilis than that found 
optimum in resource species, Cyprinus carpio. D'amato et. al. (2000) used annealing 
temperature of 60-65°C for resource species, Macroronus magellanicus and in 
contrast to that used in four test species, Macroronus novaezelandiae, 
Melanogrammus agelefinus, Merlangius merlangus, Micromesistius poutasou (50-
60°C) to get scorable band pattern at 12 different loci. Arigoni et. al. (2000) used 51-
63° C annealing temperature in Symphodus ocellatus and 56-61° C for cross priming 
in five related species at seven loci. Englbrecth et. al. (1999) used 62° C annealing 
temperature in Coitus gohia for Cgo310MEMU, Cgo56MEMU and Cgo91MEMU 
loci. Annealing temperature 57° C was used in C. poecilopus, C hangiongensis and C. 
amblystomopsis, and 59° C for Triglopsis quadricoris for Cgo310MEMU locus. They 
used 59° C annealing temperature in C. poecilopus for Cgo56MEMU locus and 59° C 
in Triglopsis quadricoris for Cgo91MEMU locus. 
It is evident from the table that amplification success was higher if primers 
are from the resource species within the subfamily Cyprininae, than from other 
subfamilies of Cyprinidae. The results suggested that certain sequence flanking 
tandem repeats are conserved within the subfamily Cyprininae, and to some extent 
between the subfamilies of Cyprinidae also. Some reports demonstrated that certain 
sequence flanking tandem repeats are conserved within the subfamily and to some 
extent between the subfamilies also. Generally the number of loci amplifying tends to 
decrease with increasing divergence between species (Moore el. al., 1999; Peahall et. 
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al., 1998). Yue and Orban (2002) used primers of Carassius auratus (subfamily 
Cyprininae) in Cyprinus carpio (Cyprininae) and Danio rerio (Rasborinae or 
Danioninae). As good as 73% amplification success was found within family 
Cyprininae than between subfamilies (26%). Dimsoski et al, (2000) used primers of 
Campostoma anomalum (Leuciscinae) in five cyprinid species of subfamily 
Leuciscinae and Rasborinae. A level of 23-35% successful amplification with 
polymorphism was found within subfamily Leuciscinae and 23% was found between 
subfamilies though monomorphic. Bessert and orti (2003) used primers of Pimphales 
promelas in eight other cyprinids of subfamily Leuciscinae and Cyprinidae. The 
success within the genus was 71 to 85%. In contrast, outside genus 28 to 57% loci 
amplified but only monomorphic loci. It was interesting that one locus Ppro-48* could 
amplify homologous but monomorphic in Silurid fish Ictalurus punctatus. Meredith 
and May (2002) used Gila bicolour obesa (Leuciscinae) primers in G. bicolour 
snyderi, G. orcutti and G. coerulea. 100% successful amplification was found between 
subspecies whereas between species 35-57%) amplification was found. 
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II. GENETIC VARIATION STUDIES IN Labeo dero 
Genotype homogeneity between multiple data sets within a river 
In Labeo dero, individuals of nine collection sites were analysed with 
allozyme and microsatellite loci ^nd samples from one collection site i.e., from 
Godavari river was excluded due to small sample size. The samples from Satluj, 
Ganga, Yamuna and Kosi were collected at different time intervals (refer Materials 
and Methods, Table-1), consisting of different collection sets of the samples of the 
same river. The individual genotype data at each microsatellite and allozyme locus 
was organized in separate sets as per collection within a river. Genotype homogeneity 
was assessed at each locus to find out if the significant difference exists in the 
genotype proportions between the data sets formed due to the collection at different 
time period within a river. Such tests were feasible for samples from rivers Satluj, 
Ganga, Yamuna and Kosi. 
The analysis did not provide any evidence of significant difference in 
genotype proportions between multiple data sets within the rivers. This was done for 
both allozyme and microsatellite loci. Based on these results, it was possible to 
combine such genotype data sets within each river. The pooling of data resulted in 
nine data sets for further investigation to determine genetic variation and 
differentiation in Labeo dero population. These nine data sets were from Beas, Satluj, 
Ganga, Yamuna, Kosi, Tons, Gerua, Brahmaputra and Mahanadi. 
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A. ALLOZYME MARKERS 
Genetic variation among populations 
A total of thirty five allelic variants for twenty eight loci were resolved by 
screening sixteen enzyme systems in a total of 569 samples. Out of a total of 28 loci, 8 
were polymorphic with frequency of most common allele less than or equal to 0.99. 
Number of alleles at individual polymorphic locus ranged from 2 to 5. Loci PGM-2* 
and MDH-2* exhibited two alleles each. Three alleles were found at loci EST-]*, 
GPDH*, XDH* and PGDH*. Four and five alleles were resolved at loci GPI* and 
EST-2*, respectively, in L. dero. 
a) Allele frequencies 
Allele frequencies at eight polymorphic loci of I. dero from nine collection 
sites are given in table 4.6. In all the samples, the most frequent allele was common 
for majority of the loci barring a few exceptions like EST-2* (in Satluj, Ganga, 
Brahmaputra and Mahanadi samples), XDH* (in Gerua, Brahmaputra and Mahanadi 
samples) and PGDH* (in Tons samples). Allele £'iS'r-2*-108 was most commonly 
found in Satluj (0.4638), Ganga (0.3867), Brahmaputra (0.4340) and Mahanadi 
(0.5862) samples instead of allele £iSr*-2-100. Likewise, in Gerua, Brahmaputra and 
Mahanadi samples, allele XDH*- 108 was predominant with frequencies of 0.5286, 
0.6915 and 0.5556, respectively in contrast to XDH*- 100 in other samples. At locus 
PGDH*, allele 113 was predominant (0.5833) in Tons samples in contrast to the allele 
PGDH* 100 for samples from other collections sites. 
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Table 4.6 - Allele frequencies of eight polymorphic allozyme loci in Labeo dero 
from nine different locations. 
Locus 
EST-I* 
(N) 
92 
100 
106 
EST-2* 
(N) 
96 
100 
108 
113 
115 
GPDW 
(N) 
84 
100 
113 
GPI* 
(N) 
71 
85 
100 
115 
XDH* 
(N) 
97 
100 
108 
PGDH 
(N) 
100 
113 
126 
PGM-2 
(N) 
100 
113 
Beas Satluj Ganga Yamuna 
73 
0.0548 I 
0.8904 1 
0.0548 I 
72 
0.0000 
0.5347 
0.2778 
0.1875 
0.0000 
k 
73 
0.0068 
0.9932 
0.0000 
73 
0.0000 
0.0000 
1.0000 
0.0000 
73 
0.0068 
0.6575 
0.3356 
* 
73 
0.8493 
0.1507 
0.0000 
* 
73 
1.0000 
0.0000 
MDH-2* 
(N) 
100 
115 
73 
1.0000 
0.0000 
70 
0.O714 
0.8643 
0.0643 
69 
0.0000 
0.4565 
0.4638 
0.0797 
0.0000 
68 
0.0074 
0.9926 
0.0000 
71 
0.0000 
0.0000 
1.0000 
0.0000 
64 
0.0000 
0.7578 
0.2422 
63 
0.7937 
0.2063 
0.0000 
71 
0.9859 
0.0141 
71 
1.0000 
0.0000 
75 
0.0867 
0.6933 
0.2200 
75 
0.0000 
0.3800 
0.3867 
0.2333 
0.0000 
68 
0.0147 
0.9191 
0.0662 
75 
0.0067 
0.0000 
0.9867 
0.0067 
71 
0.0000 
0.6901 
0.3099 
71 
0.7887 
0.2113 
0.0000 
75 
0.9933 
0.0067 
75 
1.0000 
0.0000 
91 
0.0549 
0.7088 
0.2363 
91 
0.0220 
0.4341 
0.4011 
0.1429 
0.0000 
80 
0.0188 
0.9688 
0.0125 
92 
0.0000 
0.0054 
0.9946 
0.0000 
85 
0.0000 
0.5176 
0.4824 
86 
0.6919 
0.3081 
0.0000 
92 
1.0000 
0.0000 
92 
1.0000 
0.0000 
Kosi 
61 
0.1639 
0.7049 
0.1311 
61 
0.0000 
0.5492 
0.2869 
0.1557 
0.0082 
57 
0.0263 
0.9474 
0.0263 
62 
0.0000 
0.0161 
0.9839 
0.0000 
57 
0.0000 
0.5965 
0.4035 
56 
0.7589 
0.2411 
0.0000 
60 
1.0000 
0.0000 
62 
1.0000 
0.0000 
Tons Gerua Brahma 
18 
0.0278 
0.5278 
0.4444 
18 
0.3056 
0.4444 
0.0833 
0.1389 
0.0278 
18 
0.1389 
0.8611 
0.0000 
18 
0.0000 
0.0000 
1.0000 
0.0000 
18 
0.2500 
0.5278 
0.2222 
18 
0.3056 
0.5833 
0.1111 
18 
0.9167 
0.0833 
18 
1.0000 
0.0000 
putra 
70 
0.1643 ' 
0.7643 ' 
0.0714 i 
70 
0.0000 
0.6643 
0.2071 
0.1286 
0.0000 
70 
0.0000 
0.9786 
0.0214 
70 
0.0000 
0.0000 
1.0000 
0.0000 
70 
0.0571 
0.4143 
0.5286 
70 
0.8857 
0.1143 
0.0000 
70 
0.9929 
0.0071 
70 
1.0000 
0.0000 
53 
0.0849 
0.6415 
0.2736 
53 
0.0000 
0.3774 
0.4340 
0.1604 
0.0283 
52 
0.0288 
0.9423 
0.0288 
54 
0.0000 
0.0000 
1.0000 
0.0000 
47 
0.0319 
0.2766 
0.6915 
54 
0.9907 
0.0093 
0.0000 
54 
1.0000 
0.0000 
54 
0.9815 
0.0185 
Maha 
nadi 
28 
0.2321 
0.5536 
0.2143 
29 
0.0345 
0.2759 
0.5862 
0.1034 
0.0000 
19 
0.0526 
0.8684 
0.0789 
29 
0.0000 
0.0000 
1.0000 
0.0000 
27 
0.0556 
0.3889 
0.5556 
24 
0.7708 
0.2292 
0.0000 
29 
0.9828 
0.0172 
2\ 
1.0000 
0.0000 
N=No. of samples analysed 
86 
Additional alleles at two loci GPl* and PGM-2* were also found to exist in 
low frequencies, though not private alleles. Allele GPI*-85 was found in Yamuna and 
Kosi samples with a frequency of 0.0054 and 0.0161, respectively. At locus PGM-2*, 
allele 113 was seen in Satluj, Ganga, Tons, Gerua and Mahanadi with a frequency of 
0.0141, 0.0067, 0.0833, 0.0071 and 0.0172, respectively. 
b) Private alleles 
A total of four private alleles were detected, two at GPI* and one each at 
PGDH* and MDH* loci (Table 4.7). Allele GPI*-1\ and GPI*-\\5 were found only 
in Ganga samples with a frequency of 0.0067. Allele MDH-2*-\\5 was obseved in 
Brahamputra samples (frequency 0.0185) and allele PGDN*- 126 (frequency 0.1111) 
in Tons samples only. 
Table 4.7 - Private alleles at allozyme loci found in Labeo dero collected from 
nine riverine sites. 
Locus Allele Frequency Collection 
Site 
GPI* US 0.0067 Ganga 
GPI* 71 0.0067 Ganga 
PGDH* 126 0.1111 Tons 
MDH-2* 115 0.0186 Brahmaputra 
b) Average heterozygosity 
Genetic variation parameters, observed (Hobs-) and expected (Hcxp.) 
heterozygosity values for Labeo dero from nine collection sites, at eight polymorphic 
allozyme loci are given in table 4.8. Proportion of polymorphic loci ranged from 0.14 
to 0.21. Mean observed heterozygosity over all loci ranged from 0.0285 (samples of 
87 
Beas) to 0.0714 (samples of Tons) and the mean number of alleles per locus was 
observed to be from 1.2857 (samples of Beas and Satluj) to 1.4286 (samples of Tons) 
(Table 4.8, Fig 5 a, b). 
d) Departure from Hardy-Weinberg equilibrium 
Probability test was used to determine, if the genotype proportions confirm 
to that expected under the conditions of Hardy-Weinberg equilibrium (Table 4.8). The 
values from more powerful score test were also estimated under the alternate 
hypothesis of heterozygote deficit or excess (Raymond and Russet, 1996). Out of total 
72 tests performed, significant deviation was detected for 17 tests, after application of 
sequential Bonferroni corrections to probability levels (P<0.0014). Table 4.8 
indicates significant deviation of genotype proportions from Hardy-Weinberg 
expectations at three loci EST-I*, EST-2* and XDH*. In majority of the cases, both 
probability and score test confirmed the significant deviation from Hardy-Weinberg 
equilibrium except at EST-1* locus in Tons and Mahanadi samples, at EST-2* for 
Satluj samples, at XDH* locus, for Brahmaputra samples. The result exhibited 
significant deficiency of heterozygotes (+ve Fjs) at those loci and localities, where 
significant deviation from HW equilibrium was observed. 
88 
Heterozygosities 
Collection sites 
(a) 
Mean no. of alleles per locus 
1 45 
/ 
Collection sites 
(b) 
Fig. 5. Parameters of genetic variation a) heterozygosities and 
b) mean no. of alleles/locus at allozyme loci of Laheo dero 
from nine collection sites. 
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d) Linkage disequilibrium 
Probability values obtained from the test to determine linkage 
disequilibrium between pairs of allozyme loci in each sample are given in table 4.9. 
Table 4,9 - Linkage disequilibrium (P>vaJue), for each locus pair across nine 
collections for allozyme loci in Labeo dero. 
Locus 
EST-1* 
EST-I* 
EST-2* 
EST-I* 
EST-2* 
GPDH* 
EST-1* 
EST-2* 
GPDH* 
GPI* 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
EST-1* 
EST-2* 
GPDH* 
XDH* 
PGDH* 
pair 
& EST-2* 
& GPDH* 
& GPDH* 
&GPI* 
&GPI* 
&GPI* 
&XDH* 
&XDH* 
&XDH* 
&XDH* 
& PGDH* 
&PGDH* 
& PGDH* 
<& PGDH* 
& PGDH* 
&PGM-2* 
&PGM-2* 
& PGM-2* 
& PGM-2* 
& PGM-2* 
& PGM-2* 
& MDH-2* 
& MDH-2* 
& MDH-2* 
& MDH-2* 
& MDH-2* 
Chi^ 
19.937 
16.108 
8.97 
4.906 
0.000 
0.000 
26.341 
36.346 
9.841 
0.000 
Infinity 
26.632 
7.438 
5.138 
15.782 
6.242 
4.533 
4.587 
0.000 
4.847 
6.935 
0.000 
1.215 
5.430 
0.000 
0.000 
P-value 
0.46] 9 
0.70989 
0.98325 
0.55586 
1 .0000 
1 .0000 
0.15483 
0.01400* 
0.97097 
1 .0000 
<0.0001** 
0.14594 
0.98588 
0.5262 
0.73005 
0.79451 
0.92009 
0.80064 
1.0000 
0.90116 
0.73161 
1.0000 
0.5448 
0.0662 
1.0000 
1.0000 
Significant (P <0.05) 
** Significant after sequential Bonferroni correction 
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When tested over all the samples, significant probability was obtained at 
only one pair, EST-\* and PGDH*, after probability levels were adjusted for 
Bonferroni correction. Within each of the locality samples, probability values of test 
involving these two loci were insignificant with average of 0.4911± 0.0166. Thus 
linkage disequilibrium shown at these loci were not biologically significant. 
B. MICROSATELLITE MARKERS 
Genetic variation among population 
A total of fourty seven alleles were detected in 589 individuals of Ldero at 
eight polymorphic microsatellite loci (Table 4.10). All eight loci MFW-J*, 15*, 17*, 
24*, 26*, Ca-12*, R-3* and -12* exhibited considerable variation in all the 
populations. The total number of alleles per locus ranged from 3 to 9 with a size range 
of 92-214 base pairs (bp). Nine alleles were observed at locus MFW-15* (136- 198 
bp), seven at MFW-17* (186-214 bp) and at Ca-12* (152-192 bp), six at MFW-1* 
(169-189 bp) and R-3* (92-128 bp) and five at R-12* (115-134 bp). Four alleles were 
resolved for loci MFW- 26* (106-118 bp) and three at MFW-24* (159-165 bp) in 
Laheo dero. 
a) Allele frequencies 
Allele frequencies at the eight microsatellite loci in each collection are given 
in table 4.10. In all the collections, distribution of most common allele at individual 
loci was largely similar except at loci MFW-1 * (in samples of Beas and Kosi), Ca-12* 
and R-3* (in samples of Mahanadi), and R-12* (in samples of Brahmaputra and 
Tons). Allele MFW-1*- 169 was most commonly found in Beas (frequency 0.4110) 
and Kosi (frequency 0.4048) samples instead of allele 173 and likewise, allele Ca-
94 
72*-184 was predominant (frequency 0.4333) in Mahanadi samples in contrast to Ca-
ll*- 180 in other collections. In same samples, at locus R-3* allele 108 and 110 were 
found to be at equal frequency (0.2667), while most common allele in others was 110. 
In Tons and Brahmaputra samples, allele R-12*-\\5 was found to be in highest 
frequency 0.8000 and 0.4884, respectively in compared to allele 119 in remaining 
other samples. 
Table 4.10 - Allele frequencies of eight polymorphic microsatellite loci 
across nine collection sites in Labeo dero. 
Locus 
MFW-1* 
(N) 
169 
171 
173 
177 
181 
189 
MFW-IS 
(N) 
136 
148 
150 
154 
158 
160 
166 
170 
198 
MFW-17 
(N) 
186 
194 
198 
204 
208 
210 
214 
Beas 
1 
73 
0.4110 
0.1644 
0.2671 
0.0890 
0.0411 
0.0274 
* 
75 
0.0000 
0.1200 
0.7267 
0.0133 
0.1200 
0.0200 
0.0000 
0.0000 
0.0000 
* 
75 
0.0000 
0.0000 
0.0267 
0.6000 
0.2733 
0.0000 
0.1000 
Satluj 
2 
69 
0.3333 
0.1304 
0.3913 
0.0725 
0.0652 
0.0072 
69 
0.0000 
0.0580 
0.7464 
0.0072 
0.1377 
0.0507 
0.0000 
0.0000 
0.0000 
69 
0.0000 
0.0000 
0.0507 
0.6812 
0.1522 
0.0000 
0.1159 
Ganga 
3 
91 
0.3462 
0.0440 
0.4560 
0.0769 
0.0549 
0.0220 
93 
0.0000 
0.0376 
0.5968 
0.0161 
0.1989 
0.1344 
0.0161 
0.0000 
0.0000 
94 
0.0106 
0.0160 
0.1117 
0.5319 
0.1755 
0.0426 
0.1117 
Yamuna Kosi 
4 
87 
0.3161 
0.0805 
0.3736 
0.0805 
0.0862 
0.0632 
91 
0.0000 
0.1319 
0.5659 
0.0000 
0.1923 
0.1099 
0.0000 
0.0000 
0.0000 
90 
0.0167 
0.0056 
0.0889 
0.6222 
0.1444 
0.011! 
0.1111 
5 
63 
0.4048 
0.0794 
0.3492 
0.0794 
0.0397 
0.0476 
65 
0.0000 
0.1154 
0.6154 
0.1154 
0.1308 
0.0231 
0.0000 
0.0000 
0.0000 
64 
0.0078 
0.0156 
0.1016 
0.5859 
0.1797 
0.0234 
0.0859 
Tons < 
6 
19 
0.1579 
0.0263 
0.3947 
0.2632 
0.1053 
0.0526 
19 
0.0000 
0.1316 
0.8158 
0.0000 
0.0263 
0.0263 
0.0000 
0.0000 
0.0000 
19 
0.0000 
0.0526 
0.0789 
0.3684 
0.2368 
0.0000 
0.2632 
Gerua 
7 
73 
0.3493 
0.1301 
0.3630 
0.0685 
0.0342 
0.0548 
72 
0.0069 
0.0833 
0.6181 
0.0208 
0.2014 
0.0556 
0.0000 
0.0069 
0.0069 
69 
0.0000 
0.0072 
0.0652 
0.5435 
0.2246 
0.0507 
0.1087 
Brahm 
aputra 
8 
55 
0.3364 
0.1000 
0.3545 
0.0636 
0.1000 
0.0455 
54 
0.0000 
0.1481 
0.5556 
0.0741 
0.1667 
0.0556 
0.0000 
0.0000 
0.0000 
55 
0.0000 
0.0000 
0.0727 
0.4091 
0.2273 
0.0455 
0.2455 
Maha 
nadi 
9 
30 
0.1333 
0.1333 
0.4500 
0.1500 
0.1167 
0.0167 
30 
0.0000 
0.0833 
0.6167 
0.1167 
0.1333 
0.0500 
0.0000 
0.0000 
0.0000 
29 
0.0000 
0.0000 
0.1552 
0.6034 
0.1207 
0.0517 
0.0690 
95 
MFW-24 
(N) 
159 
161 
165 
MFW-26 
(N) 
106 
110 
114 
118 
Ca-12* 
(N) 
152 
164 
176 
180 
184 
188 
192 
R-12* 
(N) 
115 
117 
119 
124 
134 
R-3* 
(N) 
92 
104 
108 
110 
118 
128 
I 
* 
75 
0.0000 
0.9867 
0.0133 
* 
75 
0.0600 
0.8933 
0.0467 
0.0000 
75 
0.0000 
0.0000 
0.0400 
0.6000 
0.3600 
0.0000 
0.0000 
59 
0.3729 
0.1102 
0.5169 
0.0000 
0.0000 
75 
0.0000 
0.1000 
0.3000 
0.5000 
0.1000 
0.0000 
2 
69 
0.0000 
0.9855 
0.0145 
69 
0.0362 
0.9275 
0.0362 
0.0000 
66 
0.0076 
0.0076 
0.1136 
0.5076 
0.3561 
0.0000 
0.0076 
58 
0.3362 
0.1293 
0.5086 
0.0259 
0.0000 
66 
0.0000 
0.1212 
0.2197 
0.5152 
0.1439 
0.0000 
3 
94 
0.0053 
0.9574 
0.0372 
94 
0.0160 
0.9255 
0.0585 
0.0000 
93 
0.0000 
0.0054 
0.1720 
0.4301 
0.3602 
0.0000 
0.0323 
84 
0.3512 
0.1429 
0.4762 
0.0298 
0.0000 
93 
0.0108 
0.1989 
0.1452 
0.5806 
0.0645 
0.0000 
4 
89 
0.0000 
0.9888 
0.0112 
91 
0.0440 
0.8736 
0.0769 
0.0055 
90 
0.0000 
0.0056 
0.1278 
0.4944 
0.3500 
0.0000 
0.0222 
80 
0.3000 
0.2062 
0.4750 
0.0063 
0.0125 
87 
0.0460 
0.1839 
0.0862 
0.6149 
0.0690 
0.0000 
5 
65 
0.0154 
0.9692 
0.0154 
65 
0.1231 
0.8154 
0.0538 
0.0077 
65 
0.0000 
0.0308 
0.0769 
0.4692 
0.3923 
0.0231 
0.0077 
58 
0.3362 
0.1552 
0.4483 
0.0431 
0.0172 
65 
0.0077 
0.1231 
0.1615 
0.6385 
0.0692 
0.0000 
6 
19 
0.0263 
0.8947 
0.0789 
19 
0.0789 
0.8947 
0.0263 
0.0000 
19 
0.0000 
0.0000 
0.0263 
0.5789 
0.1842 
0.1579 
0.0526 
5 
0.8000 
0.0000 
0.2000 
0.0000 
0.0000 
19 
0.1053 
0.3421 
0.0526 
0.4737 
0.0263 
0.0000 
7 
73 
0.0068 
0.9521 
0.0411 
73 
0.0068 
0.9452 
0.0479 
0.0000 
73 
0.0000 
0.0137 
0.1027 
0.4452 
0.3493 
0.0479 
0.0411 
62 
0.4032 
0.1048 
0.4355 
0.0484 
0.0081 
73 
0.0342 
0.1712 
0.1918 
0.5479 
0.0479 
0.0068 
8 
55 
0.0000 
0.9000 
0.1000 
55 
0.1091 
0.8091 
0.0636 
0.0182 
55 
0.0182 
0.0273 
0.1545 
0.4091 
0.3818 
0.0000 
0.0091 
43 
0.4884 
0.1163 
0.3605 
0.0349 
0.0000 
55 
0.0000 
0.2636 
0.1000 
0.5818 
0.0545 
0.0000 
9 
30 
0.1000 
0.7833 
0.1167 
30 
0.4333 
0.5167 
0.0500 
0.0000 
30 
0.0000 
0.0333 
0.1500 
0.2833 
0.4333 
0.0833 
0.0167 
23 
0.0435 
0.0435 
0.8043 
0.1087 
0.0000 
30 
0.1167 
0.2500 
0.2667 
0.2667 
0.1000 
0.0000 
N=No. of samples analysed 
b) Private alleles 
Samples of Gerua had four private alleles at two loci, at locus MFW-15*, 
allele 136, 170 and 198 with frequencies of 0.00069 and locus R-3*, allele 128, with 
96 
frequencies of 0.007 (Table 4.11). At locus MFW- J5*, allele 166 was found only in 
Ganga collection with frequency of 0.016. 
Table 4.11 - Private alleles found in Labeo dero collections from nine riverine 
sites. 
on the basis of microsatellite analysis. 
Locus Allele Frequency Collection 
(bp) Site 
MFW-15* 136 0.0069 Gerua 
MFW-15* 170 0.0069 Gerua 
MFW-15* 198 0.0069 Gerua 
MFW-15* 166 0.0161 Ganga 
R-3* 128 0.0068 Gerua 
c) Average Heterozygosity 
Genetic variation parameters, observed (Hobs) and expected (Hexp) for 
Labeo dero from nine collection sites, at each polymorphic microsatellite locus are 
given in table 4.12 and figure 6. For the Indus river system, the observed 
heterozygosity were 0.2952 in Satluj and 0.3075 in Beas. In the Ganga river system, 
the lowest value of 0.3468 was observed in Yamuna, whereas highest was 0.4395 in 
Gerua. Brahmaputra, a component of Ganges system, exhibited observed 
heterozygosity of 0.3773, while Mahanadi Hobs to be 0.4137. Proportion of 
polymorphic loci was 1.0000 under 0.99 criteria and 0.8750 under 0.95 criteria in all 
sample sets except Tons, Brahmaputra and Mahanadi. The mean number of alleles per 
locus varied between 3.7500 (Beas) to 5.3750 (Gerua). 
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Fig. 6. Parameters of genetic variation a) heterozygosities and b) mean no. 
of alleles/locus at microsatellite loci of Labeo dew from nine collection sites. 
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c) Departure from Hardy-Weinberg equilibrium 
Deviations from Hardy-Weinberg genotypic expectations were observed in 
the present study, with a significant deficit of heterozygotes (Table 4.12). At locus 
MFW-1*, probability test exhibited significant deviation from Hardy-Weinberg 
expectations in all collections except Kosi and Tons samples, however, score test 
revealed no significant deviation from Hardy-Weinberg equilibrium in Ganga and 
Brahmaputra samples, also. After Bonferroni correction at locus MFW-15*, 
probability test indicated significant deviation from Hardy-Weinberg equilibrium in 
four collections i. e., Beas, Saluj, Ganga and Yamuna and score test also revealed 
significant deviation in same samples except Beas. At locus MFW-17* though 
probability test revealed the significant deviation from Hardy-Weinberg equilibrium in 
two samples, Beas and Tons, after Bonferroni correction, however, significant values 
from score test were found in Beas, Satluj, Kosi, Tons and Mahanadi samples. 
Both probability and score test indicated significant deviation from Hardy-
Weinberg equilibrium at MFW-24* locus in Brahmaputra samples only. At locus 
MFW-26*, probability test showed significant deviation from Hardy-Weinberg 
equilibrium in Beas, Ganga and Brahmaputra samples though, score test revealed no 
deviation in Brahmaputra samples. After Bonferroni correction at locus Ca-12*, 
probability test revealed no deviation from Hardy-Weinberg equilibrium in all 
localities however, values from score test showed significant deviation for Yamuna 
samples. In genotype proportions at locus R-I2*, both probability and score test 
indicated significant deviation from Hardy-Weinberg equilibrium in all except Tons 
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samples. At locus R-3*, probability test revealed significant deviation from Hardy-
Weinberg equilibrium in Yamuna samples only and score test in Satluj and Yamuna. 
At these loci, heterozygote deficiency was evident from the positive Fis value. 
d) Linkage disequilibrium 
Probabilities of linkage disequilibrium between pair of loci over all loci 
and samples are given in table 4.13. Out of twenty eight loci pairs significant linkage 
disequlibrium (p<0.05) was observed at three pairs of loci viz MFW-15* and Ca-12* 
(P = 0.0429), MFW-17* and MFW-24* (P = 0.02091), Ca-12* and R-12* (P = 
0.0253). However, these values were non-significant after sequential Bonfcroni 
adjustment. Thus, no locus pair showed linkage disequilibrium in Labeo dero. 
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Table 4.13 - Linkage disequilibrium for microsatellite locus pair in Labeo dero 
from nine collections sites. 
Locus 
MFW-1* 
MFW-1* 
MFW-15* 
MFW-V 
MFW-15* 
MFW-17* 
MFW-V 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
pair 
& MFW-15* 
& MFW-17* 
& MFW-17* 
& MFW-24* 
& MFW-24* 
& MFW-24* 
& MFW-26* 
& MFW-26* 
& MFW-26* 
i& MFW-26* 
& Ca-12* 
& Ca-12* 
& Ca-12* 
& Ca-12* 
& Ca-12* 
&R-12* 
&R-12* 
&R-12* 
&R-12* 
&R-12* 
&R-12* 
&R-3* 
&R-3* 
&R-3* 
&R-3* 
<<iR-3* 
&R-3* 
&R-3* 
Chi2 
26.756 
14.074 
29.803 
11.325 
15.962 
34.851 
29.215 
26.245 
29.011 
20.431 
10.217 
40.521 
18.319 
24.122 
22.467 
10.281 
29.712 
5.536 
9.438 
15.035 
34.118 
13.481 
29.686 
18.872 
13.836 
20.163 
24.212 
19.73 
P-value 
0.14226 
0.82674 
0.07311 
0.93736 
0.71898 
0.02091* 
0.08362 
0.15788 
0.08754 
0.43126 
0.96406 
0.00429* 
0.56637 
0.23711 
0.31571 
0.92236 
0.07465 
0.99774 
0.94871 
0.77439 
0.02534* 
0.85583 
0.0751 
0.53018 
0.83873 
0.32374 
0.23327 
0.47494 
Significant (P <0.05) 
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C. Genetic bottlenecks 
The genotype data of Labeo dero for allozyme and microsatellite loci 
were tested to detect if the populations have undergone any genetic bottlenecks in 
the recent past. Heterozygosity expected under mutation drift equilibrium (Heq) and 
the probability of significant excess than the expected heterozygosity (He) as 
compared to Hcq for each locus are given in table 4. Hand 4.15 for both the markers. 
For allozyme loci, data were analyzed under infinite allele model (lAM) 
of mutation, significant (P<0.05) heterozygosity excess was detected only in the 
samples of river Tons (Wilcoxon P = 0. 0.04688) only. Samples from other 
collection sites did not exhibit genetic bottleneck , analysed with allozyme loci. 
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Table 4.14- Bottleneck Analysis for Labeo dero from nine different collection sites 
analysed with allozyme markers. 
Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDN* 
PGM-2* 
MDH-2* 
Beas 
observed 
n 
146 
144 
146 
146 
146 
146 
146 
146 
He 
0.203 
0.606 
0.014 
0.000 
0.458 
0.258 
0.000 
0.000 
under the LA, 
Heq S.D. 
0.310 0.190 
0.305 0.186 
0.166 0.162 
MONOMORPHIC 
0.308 0.189 
0.172 0.166 
MONOMORPHIC 
MONOMORPHIC 
,M. I 
Prob 
0.3630 
0.0440* 
0.1920 
LOCUS. 
0.3020 
0.3070 
LOCUS. 
LOCUS. 
SIGN TEST 
WILCOXON TEST 
0.40381 
0.81250 
Population 
locus 
EST-]* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH 
PGM-2* 
MDH-2* 
Satluj 
observed 
He 
0.246 
0.574 
n 
140 
138 
136 
142 
128 
126 
142 
142 
0.015 
0.000 
0.370 
0.330 
0.028 
0.000 
SIGN TEST 
WILCOXON TEST 
under the I.A.M. 
Heq S.D. Prob 
0.313 0.185 0.4060 
0.314 0.183 0.0780 
0.184 0.171 0.1880 
MONOMORPHIC LOCUS. 
0.174 0.168 0.1990 
0.178 0.166 0.2500 
0.177 0.169 0.2920 
MONOMORPHIC LOCUS. 
0.52042 
0.56250 
Population : Ganga 
observed 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
n 
150 
150 
136 
150 
142 
142 
150 
150 
He 
0.466 
0.656 
0.152 
0.027 
0.431 
0.336 
0.013 
0.000 
under the I.A.M. 
Heq 
0.293 
0.301 
0.296 
0.292 
0.181 
0.171 
0.176 
S.D. 
0.184 
0.189 
0.184 
0.184 
0.168 
0.168 
0.167 
Prob 
0.2500 
0.0110* 
0.3090 
0.0420* 
0.1570 
0.2280 
0.1690 
MONOMORPHIC LOCUS. 
SIGN TEST 
WILCOXON TEST 
0.38503 
0.46875 
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Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
Yamuna 
observed 
n 
182 
182 
160 
184 
170 
172 
184 
184 
He 
0.441 
0.633 
0.061 
0.011 
0.502 
0.429 
0.000 
0.000 
under the I.A.M. 
Heq S.D. Prob 
0.296 0.191 0.2980 
0.388 0.187 0.0930 | 
0.307 0.186 0.1190 
0.162 0.164 0.1970 | 
0.174 0.168 0.0110* 
0.172 0.167 0.1380 
MONOMORPHIC LOCUS. 
MONOMORPHIC LOCUS. 
SIGN TEST 
WILCOXON TEST 
0.23986 
0.43750 
Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
Kosi 
observed 
n 
122 
122 
114 
124 
114 
112 
120 
124 
He 
0.463 
0.597 
0.102 
0.032 
0.486 
0.369 
0.000 
0.000 
under the I.A.M. 
Heq S.D. Prob 
0.301 0.185 0.2760 
0.417 0.180 0.1760 
0.326 0.185 0.1800 
0.181 0.170 0.3020 
0.187 0.168 0.0800 
0.175 0.162 0.1870 
MONOMORPHIC LOCUS. 
MONOMORPHIC LOCUS. 
SIGN TEST 
WILCOXON TEST 
0.26508 
0.56250 
Population 
locus 
EST-1 * 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
Tons 
observed 
n 
36 
36 
36 
36 
36 
36 
36 
36 
He 
0.538 
0.702 
0.246 
0.000 
0.627 
0.570 
0.157 
0.000 
I under the I.A.M. 
I Heq S.D. Prob 
0.398 0.165 0.2620 
0.605 0.125 0.2430 
0.229 0.163 0.4280 
MONOMORPHIC LOCUS. 
0.389 0.165 0.0550 
0.402 0.168 0.1660 
0.237 0.166 0.4780 
MONOMORPHIC LOCUS. 
SIGN TEST 
WILCOXON TEST 
0.12028 
0.04688* 
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Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDN* 
PGM-2* 
MDH-2* 
Gerua 
observed 
n 
140 
140 
140 
140 
140 
140 
140 
140 
He 
0.387 
0.503 
0.042 
0.000 
0.550 
0.204 
0.014 
0.000 
SIGN TEST 
WILCOXON TEST 
I under the I.A.M. 
I Heq S.D. Prob 
I 0.311 0.183 0.3920 
I 0.311 0.183 0.1990 
I 0.178 0.169 0.3490 
MONOMORPHIC LOCUS. 
I 0.301 0.184 0.0880 
I 0.178 0.167 0.3640 
t 0.178 0.165 0.1770 
MONOMORPHIC LOCUS. 
0.24439 
0.56250 
Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
Brahmaputra 
observed 
n He 
106 0.511 I 
106 0.649 
104 0.111 
108 0.000 
94 0.449 
108 0.019 
108 0.000 
108 0.037 
SIGN TEST 
WILCOXON TEST 
under the I.A.M. 
I Heq S.D. Prob 
0.321 0.183 0.2010 
I 0.430 0.178 0.0950 
I 0.321 0.182 0.2070 
MONOMORPHIC LOCUS. 
I 0.336 0.180 0.3430 
I 0.189 0.169 0.1950 
MONOMORPHIC LOCUS. 
I 0.175 0.162 0.3270 
0.61305 
1.00000 
Population 
locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
Mahanadi 
observed 
n 
56 
58 
38 
58 
54 
48 
58 
58 
He 
0.605 
0.578 
0.243 
0.000 
0.547 
0.361 
0.034 
0.000 
SIGN TEST 
WILCOXON TEST 
under the I.A.M. 
Heq S.D. Prob 
0.358 0.171 0.0630 
0.477 0.156 0.3120 
0.399 0.169 0.2580 
MONOMORPHIC LOCUS. 
0.353 0.174 0.1550 
0.220 0.165 0.2870 
0.208 0.168 0.2630 
MONOMORPHIC LOCUS. 
0.34341 
0.56250 
n - Number Size S.D. - Standard deviation 
He - Expected Heterozygosity Prob. - Probability 
Heq - Heterozygosity expected under mutation drift equilibrium 
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The microsatellite loci were analyzed under Infinite Allele model (lAM ) and 
Two Phase model (TPM) of mutation. Significant probabilities under lAM for excess 
of heterozygosity were found in Labeo dero samples from two localities, Brahmaputra 
(Wilcoxon P = 0.01953) and Mahanadi (Wilcoxon P = 0.3906). Significant 
probabilities under TPM for excess of heterozygosity was observed in Labeo dero 
samples from Ganga (Wilcoxon P = 0.03906), Kosi (Wilcoxon P = 0.01953) and 
Gerua (Sign Test P = 0.00845and Wilcoxon P = 0.01172) localities. The analysis 
provided the evidence of occurrence (table 4.15) of genefic bottleneck in the samples 
exhibiting significant probabilities. 
Another approach, which involves tracing of mode shift of allele frequencies 
was also used to determine the bottleneck. The distribution of proportion of allele 
frequencies against allele frequencies classes are presented graphically (Fig.7a, b, c 
and 8a, b, c) for each collection. For microsatellites loci, mode-shift was observed in 
samples of river Mahanadi only (Fig. 8 c) and at allozyme loci it was not observed in 
any of the samples. 
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Table 4.15 - Bottleneck analysis for Labeo dero from nine different sites 
analysed with microsatellite marker. 
Population 
locus 
MFWJ-* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
R-3* 
SIGN TEST 
Beas 
observed ( 
n 
146 
150 
150 
150 
150 
150 
118 
150 
WILCOXON TEST 
Population 
locus 
MFW-J* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
R-3* 
SIGN TEST 
: Satluj 
He 1 
0.727 1 
0.446 1 
0.558 1 
0.026 1 
0.197 1 
0.512 1 
0.587 1 
0.644 
observed | 
n 
138 
138 
138 
138 
138 
132 
116 
132 
WILCOXON TEST 
Population 
locus 
MFW-1 * 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
R-3* 
SIGN TEST 
: Gangs 
He 1 
0.714 
0.421 
0.500 
0.029 
0.138 1 
0.607 
0.616 
0.656 
I 
observed ( 
n 
182 
186 
188 
188 
188 
186 
168 
186 
WILCOXON TEST 
He 
0.665 
0.587 
0.663 
0.082 
0.140 
0.658 
0.632 
0.601 
under the I.A.M. | 
Heq 
0.546 
0.483 
0.404 
0.174 
0.307 
0.307 
0.326 
0.404 
S.D. Prob 1 
0.159 0.0960 1 
0.171 0.3680 1 
0.180 0.2290 1 
0.168 0.2910 1 
0.184 0.3600 1 
0.186 0.1610 1 
0.186 0.0830 1 
0.182 0.0820 1 
0.40194 
0.07422 
under the LA.M. | 
Heq 
1 0.546 
1 0.482 
1 0.398 
1 0.173 
0.312 
0.557 
0.412 
0.405 
und< 
Heq 
1 0.526 
1 0.525 
1 0.571 
1 0.294 
1 0.290 
0.473 
0.393 
0.465 
S.D. Prob 1 
0.156 0.1160 1 
0.171 0.3250 1 
0.181 0.3690 1 
0.165 0.2710 1 
0.183 0.2600 1 
0.154 0.4590 1 
0.181 0.1320 1 
0.180 0.0580 1 
0.43549 
0.38281 
ir the I.A.M. ( 
S.D. Prob 1 
0.166 0.2250 
0.163 0.4290 
0.152 0.3370 
0.185 0.1990 
0.186 0.3000 
0.176 0.1590 1 
0.184 0.0810 1 
0.172 0.2630 1 
0.21235 
0.38281 
under the T.P.M. | 
Heq 
0.698 
0.641 
0.558 
0.216 
0.434 
0.435 
0.438 
0.557 
S.D. 
0.082 
0.097 
0.122 
0.169 
0.150 
0.146 
0.148 
0.122 
Prob 1 
0.4410 1 
0.0530 1 
0.4180 1 
0.1690 1 
0.0990 1 
0.3470 1 
0.1460 1 
0.2520 1 
0.53815 
0.74219 
under the T.P.M. | 
Heq 
0.702 
0.645 
0.552 
0.219 
0.436 
0.699 
0.569 
0,560 
S.D. 
0.076 
0.094 
0.124 
0.169 
0.148 
0.084 
0.115 
0.117 
Prob 1 
0.4780 1 
0.0290* 1 
0.2560 1 
0.1790 1 
0.0560 1 
0.1260 1 
0.4090 1 
0.2160 1 
0.21335 
0.07422 
under the T.P.M. | 
Heq 
0.690 
0.692 
0.737 
0.421 
0.421 
0.631 
0.549 
0.634 
S.D. 
0.082 
0.083 
0.071 
0.156 
0.152 
0.101 
0.125 
0.098 
Prob 1 
0.2930 i 
0.1070 1 
0.1300 1 
0.0340* 1 
0.0680 1 
0.4730 1 
0.2840 1 
0.2880 1 
0.05394 
0.03906* 
10 
Population 
locus 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-I2* 
R-3* 
Yamuna 
observed 
n He 
174 
182 
180 
178 
182 
180 
160 
174 
0.740 
0.617 
0.574 
0.022 I 
0.230 
0.620 
0.646 
0.577 
under 
Heq 
0.543 
0.392 
0.578 
0.168 
0.393 
0.469 
0.475 
0.469 
the I.A. 
S.D. 
0.156 
0.183 
0.156 
0.167 
0.185 
0.174 
0.169 
0.177 
SIGN TEST 
WILCOXON TEST 
M. I 
Prob I 
0.0600 
0.1110 
0.4080 
0.2640 
0.2460 
0.2290 
0.1640 
0.3260 
0.45452 
0.31250 
under the T.P.M. 
Heq 
0.692 
0.555 
0.740 
0.195 
0.544 
0.638 
0.639 
0.633 
S.D. 
0.087 
0.121 
0.071 
0.170 
0.124 
0.098 
0.097 
0.096 
Prob I 
0.3300 
0.3740 
0.0320* 
0.2080 I 
0.0210* 
0.3460 1 
0.4380 I 
0.2340 I 
0.22074 
0.19531 
Population : 
locus 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26 * 
Ca-12* 
R-12* 
R-3* 
SIGN TEST 
Kosi 
observed | 
n 
126 
130 
128 
130 
130 
130 
116 
130 
WILCOXON TEST 
Population 
locus 
MFW-1* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
R-3* 
SIGN TEST 
Tons 
He 1 
0.703 
0.582 
0.611 
0.061 
0.319 
0.623 1 
0.666 1 
0.551 1 
observed | 
n 
38 
38 
38 
38 
38 
38 
10 
38 
WILCOXON TEST 
He 1 
0.755 
0.324 
0.750 
0.198 
0.198 
0.619 
0.356 
0.661 
under the I.A.M. | 
Heq 
0.560 
0.481 
0.606 
0.309 
0.414 
0.547 
0.499 
0.485 
S.D. Prob 1 
0.151 0.1650 
0.167 0.3350 
0.145 0.4160 
0.184 0.1120 
0.177 0.3160 
0.162 0.3970 1 
0.167 0.1560 1 
0.169 0.4160 1 
0.25616 
0.46094 
under the I.A.M. | 
Heq 
0.666 
0.513 
0.596 
0.389 
0.377 
0.596 
1 0.347 
1 0.599 
S.D. Prob 1 
0.114 0.2270 
0.149 0.1430 
0.131 0.0780 
0.166 0.1920 
0.168 0.2100 
0.132 0.4710 
0.138 0.5850 
0.132 0.3900 
0.54150 
0.94531 
under the T.P.M. | 
Heq 
0.701 
0.646 
0.743 
0.439 
0.564 
0.708 
0.644 
0.642 
under 
Heq 
0.752 
0.612 
0.688 
0.483 
0.479 
0.687 
1 0.376 
1 0.692 
S.D. 
0.083 
0.094 
0.067 
0.144 
0.120 
0.074 
0.095 
0.100 
Prob 1 
0.3900 1 
0.2150 1 
0.0470* 1 
0.0130*1 
0.0570 1 
0.1400 1 
0.4880 1 
0.1460 1 
0.05631 
0.01953* 
the T.P.M. 1 
S.D. 
0.060 
0.105 
0.086 
0.138 
0.137 
0.089 
0.137 
0.078 
Prob 1 
0.4420 1 
0.0200* 1 
0.2590 1 
0.0500* 1 
0.0510 1 
0.1740 1 
0.6820 1 
0.2790 
0.06557 
0.03906* 
ii: 
Population 
locus 
MFW-I* 
MFW-I5* 
MFW-17* 
MFW-24* 
MFW-26* 
Ca-]2* 
R-12* 
R-3* 
SIGN TEST 
WILCOXON TEST 
Gerua 
observed 
n He 
146 
144 
138 
146 
146 
146 
124 
146 
under the I.A.M. 
0.725 
0.571 
0.640 
0.092 
0.105 
0.670 
0.640 
0.634 
Heq 
0.539 
0.640 
0.550 
0.311 
0.302 
0.541 
0.487 
0.547 
S.D. 
0.155 
0.132 
0.153 
0.184 
0.183 
0.159 
0,165 
0.160 
Prob 
0.0840 
0.2450 
0.3390 
0.1890 
0.2200 
0.2420 
0.2200 
0.3470 
0.50325 
0.64063 
under 
Heq 
0.703 
0.776 
0.698 
0.430 
0.429 
0.703 
0.648 
0.700 
t hcT .P 
S.D. 
0.079 
0.057 
0.078 
0.142 
0.150 
0.076 
0.091 
0.079 
M. j 
Prob I 
0.4740 1 
0.0110*1 
0.1940 I 
0.0210*1 
0.0410*1 
0.2640 I 
0.3990 I 
0.1650 1 
0.01018* 
0.01172* 
Population 
locus 
MFIV-I* 
MFW-15* 
MFW-I 7* 
MFW-24* 
MFW-26* 
Co-12* 
R-12* 
R-3* 
SIGN TEST 
Brahmaputra 
observed | 
n 
110 
108 
110 
110 
110 
110 
86 
110 
WILCOXON TEST 
Population 
locus 
MFW-I* 
MFW-15* 
MFW-17* 
MFW-24* 
MFW-26* 
CM-12* 
R-12* 
R-3* 
SIGN TEST 
He 1 
0.742 1 
0.639 1 
0.720 1 
0.182 1 
0.332 1 
0.668 1 
0.624 1 
0.584 1 
: Mahanadi 
observed | 
n 
60 
60 
58 
60 
60 
60 
46 
60 
WILCOXON TEST 
He 
0.738 
0.589 
0.600 
0.369 
0.552 
0.713 
0.345 
0.785 
under the I.A.M. | 
Heq 
0.564 
0.506 
0.498 
0.177 
0.431 
0.560 
0.446 
0.424 
S.D. Prob 1 
0.150 0.0690 1 
0.162 0.2390 1 
0.166 0.0400* 1 
0.168 0.4020 1 
0.176 0.3080 1 
0.154 0.2930 
0.173 0.1620 
0.178 0.2050 
0.06536 
0.01172* 
under the I.A.M. | 
Heq 
0.612 
0.546 
0.558 
0.352 
0.366 
1 0.616 
1 0.492 
1 0.544 
S.D. Prob 1 
0.131 0.1590 1 
0.143 0.4680 1 
0.149 0.4890 
0.177 0.4940 
0.177 0.1620 
0.130 0.2560 
0.157 0.2120 
0.148 0.0050* 
0.07560 
0.03906* 
under the T.P.M. | 
Heq 
0.709 
0.647 
0.649 
0.218 
0.569 
0.709 
0.578 
0.569 
S.D. 
0.076 
0.097 
0.095 
0.167 
0.114 
0.075 
0.115 
0.116 
Prob 1 
0.3970 1 
0.3460 1 
0.2470 1 
0.5110 1 
0.0460*1 
0.2310 1 
0.4260 1 
0.4780 1 
0.46778 
1.00000 
under the T.P.M. | 
Heq 
0.726 
0.665 
0.666 
0.469 
0.467 
0.726 
0.603 
0.666 
S.D. 
0.066 
0.093 
0.092 
0.141 
0.141 
0.071 
0.105 
0.089 
Prob 1 
0.4680 1 
0.1910 1 
0.1970 1 
0.2180 1 
0.3170 1 
0.3280 1 
0.0310* 
0.0280* 
0.18068 
0.38281 
n - Number S.D. - Standard deviation 
He - Expected Heterozygosity Prob. -Probability 
Heq - Heterozygosity expected under mutation drift equilibrium 
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Fig.Va- Allele frequency distribution using allozyme markers of Labeo 
dero from nine collection sites. 
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Fig.7b (contd.) -Allele frequency distribution using allozyme markers of 
Labeo dero from nine collection sites. 
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Fig.7c(contd.) -Allele frequency distribution using allozyme markers of 
Labeo dero from nine collection sites. 
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Fig.Sa-Allele frequency distribution using microsatellite markers of Labeo dero 
from nine collection sites. 
116 
ps^sf^r 
j ] 
}. ;•;', i^fr'i*-;-',"' ???• 
< 
"^ ^ ™ f M » » f f ^ 
• ^ - • . , . , 
..i^L 
1 0,1-02 0.2-0.3 0.3-0.4 0.4-0 5 0.5-0 6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1 
Allele frequency class 
Yamuna 
0.6 
» 0.5 
I 0.4 
I 0.3 
5 0.2 
I 0.1 
X 
Si 
0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7 0.7-0.8 0.8-0.9 0.9-1 
Allele frequency class 
Kosi 
0.45 
0.4 
lA 
5 0.35 
o 
5 0.3 
0 0.25 
0 0.2 
5 0.15 
a 
0 0.1 
^ 005 
0 
'j'lL'. .wtvuAi y^A.i lifst, \r.i kV'.-;. ;'j.>f i.Ai'^iA 
K;::. 
•>; 
:1 
si 
M 
* .v. liJ 
("Hfl 
i-'m-W' 
0-0.1 0.1-0.2 0.2-0.3 0.3-04 0.4-0.5 0.5-0.6 06-0.7 0.7-0.8 08-09 09-1 
Allele frequency class 
Tons 
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Discussion 
The present study analyses genetic variation in Labeo dero from nine 
riverine localities. This is the first extensive examination of genetic variation within 
and among population of L. dero from its natural distribution using allozyme and 
microsatellite DNA markers. Both the markers, allozymes and microsatellites, indicate 
the existence of genetic variation within and between the samples from different 
riverine localities. For allozymes markers in fishes, 31.2% polymorphism observed is 
adequate and has been used in various fish species to determine population genetics 
(Kohlman and Kerstem, 1999). Allele frequencies at these loci differed between the L. 
dero from different localities analyzed in the study. 
The result of this study revealed that the population of L dero had high 
degree of genetic polymorphism. Based on the allozyme loci the value of observed 
heterozygosity for different localities range from 0.0285 to 0.0714 which is slightly 
higher than the range of 0.046 ±0.005, reported for fresh water fishes (Ward et. al, 
1994). In other cyprinids, the ranges of genetic variation through allozyme markers 
have been reported. Singh et. al. (2004) found observed heterozygosity from 0.100 to 
0.146 in Cirrhinus mrigala from India. Punia et. al., (2004) reported 0.0381 to 0.0487 
Hobs in Labeo dyocheilus from India Observed heterozygosity in populations of red 
common carp of China was 0.0440 to 0.0748 (Wang et. al, 2004) and from 0.003 to 
0.029 in the study of cultured stocks of French and Czech strain of Common carp 
(Desvignes et.al, 2001). Population of common carp (Cyprinus carpio L) from 
Poland had expected heterozygosity from 0.070 to 0.170 (Anjum, 1995). Macaranas 
et. al. (1986) reported expected heterozygosity in the range of 0.042 to 0.084 
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(Avarage= 0.074) in 12 cultured stocks belonging to two race from Japan. Hanefling 
and Brandl (1998) was reported 0.074-0.113 to be He in Leuciscus cephalus from 
Central European Drainages. In the Leuiscus species of the Mediterranean Alps, 
heterozygosity was low (Gilles et. al, 1998). In L. soufia agassizi, the heterozygosity 
was in the range of 0.037 to 0.063, in L. soufia heterozygosity was 0.016 and even 
lower in L. soufia multicellus 0.0008. The two cyprinids, chub (Z-. cephalus) and roach 
{Rutilus rutilus) from Europe exhibited observed heterozygosity that varied from 
0.032 to 0.066 (mean 0.04) for chub and from 0.047 to 0.068 (mean 0.057) in roach 
(Laroche et. al, 1999). In Sander lucioperca, the range of He was found between 
0.013 to 0.035 (Poulet et. al, 2004). Wang et.al (1999) reported 0.03 value of the 
genetic variability in Zacco pachycephalus from Taiwan. 
In respect to microsatellite markers, in Labeo dero, number of alleles per 
microsatellite locus was observed 3 to 9 alleles and the observed value of 
heterozygosity is 0.2952 to 0.4395, comparable to mean value (0.4610.34) for 
freshwater fishes reported by Dewoody and Avise (2000) and expected heterozygosity 
range from 0.528 to 0.709 with mean number of alleles from 5.12 to 9.28. The 
observed heretozygosity in the present studies was also comparable that reported for 
other cyprinids. Crooijmans et. al (1997) observed in cyprinid Cyprinus carpio a 
heterozygosity of 60.4% in outbred animals, 51.1% in inbred animals and 0%) in 
gynogetic clones. The observed heterozygosity was 0.28-0.94 in Silver crucian carp 
(Yue et.al, 2004).The range of 0.43-1.00 was reported in Lahontan tui chub, Gila 
bicolour obesa for observed heterozygosity (Meredith and May, 2002), 0.30 to 1.00 
and 0.36 to 1.00 in Hypophthalmichthys molitrix and Arstichthys nobilis, respectively 
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(Tong et.ai, 2002); in Campostoma anomalum from 0.11 to 0.92 (Dimsoski et.al, 
2000). 0.533 to 0.9740 in Pimphales promelus (Bessert and Orti 2003). 008-1.00 in 
Hybognathus amarus; 0.10-1.00 in Rhinichthys cataractas; 0.33-1.00 in Platygobia 
gracilis; 0.72-0.80 mAnaecypris hispanica (Turner et.al, 2004). 
The conformance of genotype frequencies to Hardy-Weinberg expectations 
is a valuable parameter in population genetic study. In natural populations, 
concordance to Hardy-Weinberg principle means that the allele frequencies are stable 
from one generation to the next. This is subject to fulfillment of certain assumptions 
like sexual reproduction, random mating and large effective breeding population with 
equal sex ratio. This also implies that population allele frequencies are not affected 
by interactive evolutionary forces like migration, mutation and selection etc. It is 
evident that non-conformity to Hardy-Weinberg equilibrium indicates violation of 
these assumptions and genetic bottleneck in natural populations. These have strong 
implications for conservation and management resources. 
The present study clearly depicts that in Labeo dero population, genotype 
frequencies deviate significantly from those expected under HW equilibrium. To 
maintain avoidance of Type I en-ors, Lessios (1992) suggested application of standard 
or sequential Bonferroni corrections to crucial probability values (P=0.05). After the 
sequential Bonferroni corrections Raymond and Rousset (1995) suggested use of score 
test , to be more powerful than the probability test for H W conformity tests. The 
present analysis uses both tests and in majority of inferences agreement was observed. 
The determination of breeding coefficient (Fjs) through partitioning of 
genetic variability is suggested by Wright (1965) and Weir (1984). These parameters 
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have been widely used to determine if the population has excess or deficit of 
heterozygotes. Fjs values were found to be positive in the different samples at loci that 
exhibited deviation from HW equilibrium. This provides strong evidence that the 
Labeo dero population has significant deficiency of heterozygotes. Various estimates 
revealed the interesting finding that natural populations of L dero may be facing 
genetic bottlenecks in some localities. If there is an excess of heterozygotes than that 
expected, then populations are in mutation drift equilibrium. This is a strong indicator 
that if the population has undergone recent genetic bottleneck. This happens as the 
allelic diversity is lost faster than the heterozygosity. This has only been demonstrated 
for loci evolving under the Infinite Allele model (lAM, Maruyama & Fuerst, 1985). 
The bottleneck analysis clearly points out that L. dero natural population at 
certain sites has undergone genetic bottleneck or reduction in their effective breeding 
population. This is true for samples of Tons river on the basis of allozyme analysis and 
that of Brahmaputra and Mahanadi on the basis of microsatellite analysis. 
In the present studies, L. dero populations, which deviated significantly 
from HWE had +ve Fjs values and a test of heterozygote deficiency confirmed that 
those populations had a significant deficiency of heterozygotes. The seven 
microsatellite loci (MFW-7* 15*, 17*. 24* 26* R-3* 12*) deviated from Hardy-
Weinberg expectation. This could be due to several factors such as inbreeding, non 
random mating, reduction in effective breeding population, and existence of the 
subpopulations or Wahlund effect (Garcia De Leon et. al, 1997). These phenomena 
can be ruled out, since they affect the whole genome and not one or two locus. 
Therefore, the two most possible explanations are the presence of non-amplifying 
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alleles and selection phenomenon. Additionally +ve Fjs value points out to a high 
deficiency of heterozygote, suggesting one or more non amplifying allele(s) were 
likely to be present at this locus. The non amplifying allele(s) have been reported in 
microsatellite studies (Paetkau et. al, 1995; Ishibashi et. al, 1996; Jones et. al, 2001). 
The results of allozyme and microsatellites in the present study showed that 
allozyme (Hobs 0.0285 to 0.0714) exhibit a lower variability as compared to 
microsatellites (Hobs 0.2952 to 0.4395). Similar results were observed in a study of 
domesticated/captive stocks and wild/feral populations of common carp from Europe, 
Central Asia and East and South-East Asia. Kohlmann et. al., 2002 suggesting that 
microsatellites are better suited to detect population bottlenecks and loss of variation 
due to inbreeding. 
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III. GENETIC DIFFERENTIATION of Labeo dew 
A. ALLOZYME MARKERS 
Test for allelic differentiation was performed on all the eight 
polymorphic allozyme loci. Examination of genotype data at each locus over all 
populations revealed that seven out of twenty eight allozyme loci viz EST-1 * EST-
2* XDH*, PGDN*. GPDH*, PGM-2* and MDH-2* had significant heterogeneity 
(P<0.005). Combined probability over all loci and sample sets was found to be 
highly significant (P<0.000) (table 4.16), suggesting that the observed genetic 
variation is significant to detect genotypic differentiation and the identified 
allozyme loci can be used for the study of the population structure of Labeo dero. 
Table 4.16. Genotypic homogeneity (P-value) at eight polymorphic allozyme 
loci in Labeo dero. 
Locus 
EST-1* 
EST-2* 
GPDH* 
GPI* 
XDH* 
PGDH* 
PGM-2* 
MDH-2* 
P-value 
0.0000 
0.0000 
0.0000 
0.3931 
0.0000 
0.0000 
0.0088 
0.0234 
Significance (P<0.005) 
S 
S 
s 
NS 
s 
s 
s 
s 
All 0.0000 
Allelic homogeneity 
Total thirty six population pairs from nine riverine collections were 
compared for allele homogeneity (Table 4.17). 
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Pair wise comparisons of samples from nine localities, indicated that 25 
out of 36 possible pairs had significant genetic heterogeneity, over all loci after 
the Sequential Bonferroni correction was applied to the probability level 
(P<0.0019). After locuswise examination, all these population pairs were found to 
display significant genotype heterogeneity at least at one locus. 
Between the two Indus Rivers Beas and Satluj, Pcxact values over all loci 
were not significant (P = 0.0972). The probability value of 0.00767 at locus EST-
2* was not significant after the critical probability level {P <0.05) was subjected to 
Sequential Bonferroni correction. 
Within Ganga river system comprising of Ganga, Yamuna, Kosi, Tons 
and Gerua, out of ten possible comparisons, except for two pairs viz, Kosi and 
Ganga, and, Kosi and Yamuna, significant heterogeneity was observed for all 
others pairs (Table 4.17). Comparing samples of rivers, between Ganga and 
Yamuna and, Gerua and Kosi, heterogeneity prior to Bonferroni correction was 
significant at two loci XDH* and PGDH* and over all loci also. However, between 
samples of rivers Ganga and Gerua and, Yamuna and Gerua, significant 
heterogeneity was observed after Bonferroni correction at EST-2* and XDH*, and 
EST-l*, EST-2* and PGDH* loci, respectively. For both these pairs, the 
probability value at overall loci was also significant (Pcxact <0.001). 
Samples of Tons river showed significant probability at all individual 
loci and over all loci with that of all other rivers in Gangetic river system due to 
the significant allelic heterogeneity at loci, EST-2* and XDH* with that of river 
Ganga, PGDH* with that of river Yamuna, EST-l* and EST-2* with that of river 
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Kosi and PGDH* with that of river Gerua both before and after Bonferroni 
correction. 
The Brahmaputra riverine system having river Jiabharali is also a 
component of Gangetic river system. Probabilities for all possible pairs between 
samples of Jiabharali and that of other Gangetic rivers were found signifiant 
(Table 4,17). Heterogeneity before and after Bonferroni correction was significant 
at loci XDH* and PGDH* for three pairs (Jiabharali and Ganga and, Jiabharali and 
Yamuna, and, Jiabharali and Kosi). Probabilities values at EST-2*, XDH* and 
PGDH* and, EST-1*. EST-2* and PGDH* loci, were significant for Jiabharali and 
Tons and, Jiabharali and Gerua, which acounted for Pexaci values at over all loci to 
be significant (P< 0.001) between all these five pairs. 
Comparing genotypic frequencies of L dero, samples of Mahanadi river 
system with that of other rivers, heterogeneity at over all loci prior to Bonferroni 
correction was significant for all possible pairs. However, after to Bonferroni 
correction, Pexact values were significant at over all loci for Mahanadi and Gerua 
and, Mahanadi and Tons pairs only. 
While comparing Indus, Ganges and Mahanadi river system, 
heterogeneity after to Bonferroni correction was observed to be significant at loci 
GPDH* for Beas and Ganga, EST-]*, EST-2*, XDH* and PGDH* for Beas and 
Tons and, Satluj and Tons, XDH* for Beas and Gerua and, Satluj and Gerua, EST-
l *, XDH* and PGDH* for Beas and Jiabharali, XDH* and PGDH* for Satluj and 
Jiabharali, and EST-1*, EST-2* and GPDH* for Beas and Mahanadi, £57-7* and 
XDH* for Satluj and Mahanadi. The probabilities at over all loci for the twelve 
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population pairs except two (Beas and Kosi and, Satluj and Kosi) were found to be 
significant (Table 4.17). 
F-statistics (Partitioning of variability) 
For population differentiation based on partitioning of variance for 
allozyme analysis, Fst values (above diagonal) and their probability values (below 
diagonal) between all pair wise combinations were tabulated (Table 4.18). A total 
of 36 pair wise comparison, indicated divergence (P<0.05) between samples from 
different drainages except three i.e., Kosi and Beas and, Kosi and Satluj and, Kosi 
and Yamuna. 
In Indus riverine system, between rivers Beas and Satluj, a very low 
genetic divergence (Fst = 0.0150) was observed, which was not significant (after 
Bonferroni correction, P<0.002). The samples from river Beas was observed to be 
differentiated from all collections of Ganges i.e., Ganga, Yamuna, Tons, Gerua 
and Jiabharali, except with Kosi (Fst 0.0118, P= 0.0570). Although, the probability 
value for population Satluj was significant prior to Bonferroni correction with the 
populations of Ganga (F ,^ 0.0197, P= 0.0030) and Kosi (Fst 0.0279, P= 0.0060). 
After the Bonferroni correction (P<0.002), samples of Satluj showed significant 
difference from that of Yamuna, Tons, Gerua, Jiabharali and Mahanadi. 
In Ganges river system, significant genetic divergence, after Bonferroni 
correction, between samples of Ganga was observed with that of Tons (Fst 0.1341), 
Gerua (Fst 0.0673) and Jiabharali (Fst 0.0868). The samples of Yamuna showed 
also significant difference, prior as well as after Bonferroni correction, with the 
samples of Tons (Fst 0.1134), Gerua (Fst 0.0479), Jiabharali (Fst 0.0605). Kosi 
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samples was significantly differentiated from that of Tons (Fsi 0.1268) and 
Jiabharali (Fst 0.0783), after Bonferroni correction. Samples of Tons were 
significantly differentiated from the samples of Gerua (Fst 0.2120) and Jiabharali 
(Fst 0.2449). While, Gerua samples with that of Jiabharali (Fst 0.0615). 
L. dero samples of Mahanadi river system were genetically 
differentiated from that of Beas Satluj Ganga Yamuna Kosi Tons and Gerua with 
Fst value ranging from 0.02276 to 0.11078. However, divergence was not observed 
between samples of Mahanadi and Yamuna, Kosi and Jiabharali, after Bonferroni 
correction. 
The mean Fsi of all the loci across all collections was 0.059, that 
indicates that 5.9% of the total variability between the populations is due to inter-
population differences. The pairwise Fst values ranged from 0.01496 (Beas and 
Satluj) to 0.24492 (Jiabharali Jiabharali and Tons). The genetic relatedness derived 
using co-efficient of co-ancestry identity pair wise Fst between sub populations is 
depicted by the UPGMA dendrogram (Fig 9). 
The graphical representation revealed five major clusters based on 
allozyme data (Fig 9). Samples from Satluj and Beas formed one cluster while that 
of Ganga, Yamuna and Kosi were clubbed into another. Samples from Gerua 
alone form the third cluster. Fourth cluster included samples from Mahanadi and 
Brahmaputra . However, samples from Tons showed more divergence to samples 
from all other collection sites. 
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B. MICROSATELLITE MARKERS 
Analysis of Labeo dero samples from nine riverine locations exhibited 
significant variation at eight microsatellite loci. The combined probability over all 
loci and samples was highly significant (P=0.0000, Table 4.19) indicating that 
samples drawn are not part of same gene pool. Examination of genotype data at 
each locus over all populations revealed that all eight loci (MFW-J*, -15*, -17*, -
24*, -26*, Ca-12*, R-3* and 12*) had significant heterogeneity (P<0.005) after 
nominal level of significance is adjusted (Table 4,19). This suggested that the 
genetic variation, detected at these microsatellite loci is significant to detect 
genotypic differences and can be useful in analyzing population structure of 
Labeo dero. 
Table 4.19. Genotypic differentiation at microsatellite loci in Labeo dero. 
Locus P-vALUE SIGNIFICANCE ( P < 0 . 0 0 5 ) 
MFW-l* 
MFW-15* 
MFW-l 7* 
MFW-24* 
MFW-26* 
Ca-12* 
R-12* 
R-3* 
All 
0.0061 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
0.0001 
0.0000 
0.0000 
s 
s 
s 
s 
s 
s 
s 
s 
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Genetic homogeneity 
G-test over all loci for homogeneity of allelic frequency were performed 
between the samples from nine locations. Total of 36 tests were performed and 
all the population pairs were significant (P<0.05) (Table 4.20) except between 
samples of Satluj and Beas. The loci that revealed significant heterogeneity for 
each locality pair are given in table 4.20. 
For the comparison of Indus riverine system, between samples of Beas 
and Satluj, allelic homogeneity values at individual loci and over all loci were non 
significant. 
While comparing samples from rivers within Ganges river system 
(Rivers Ganga, Yamuna, Kosi, Tons and Gerua), out of ten possible comparisons 
except for four pairs viz samples from Ganga and Yamuna, Gerua and Ganga, 
Gerua and Yamuna, and Gerua and Kosi significant heterogeneity was found for 
all others pairs (Table 4.20). Samples from Kosi and Ganga and, Kosi and Yamuna 
when compared overall significant value was due to locus MFW-15*, after 
Bonferroni correction, while for population pair of Gerua and Kosi, significant 
allelic heterogeneity was observed due to locus MFW-26*. 
Samples of Tons river showed significant allelic heterogeneity over all 
loci with all other rivers in Gangetic river system. It was observed due to the 
significant allelic heterogeneity at loci, Ca -12* with that of Ganga and Yamuna 
and, R-3* with that of Kosi. 
The Brahmaputra riverine system, having river Jiabharali, is a 
component of Gangetic river system. Probabilities for allelic homogeneity at 
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individual loci, were significant prior to Bonferroni correction for all possible pairs 
between samples of Jiabharali and other Gangetic rivers except for Jiabharali and 
Tons, for this pair, heterogeneity was significant after to Bonferroni correction at 
locus Ca-12*. Over all loci, for all four possible pairs (samples of Jiabharali and 
Ganga, and Jiabharali and Yamuna, and Jiabharali and Gerua) probability values 
were significant both before and after Bonferroni correction except Jiabharali and 
Kosi, which was found significant prior to Bonferroni correction. 
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Samples of Mahanadi showed significant heterogeneity with that of all 
river system studied. A significant allelic heterogeneity, after sequential 
Bonferroni adjustment of probability levels, were observed at loci MFW-24*, -26* 
and R-3*, -12* for samples of Mahanadi and Ganga and Mahanadi and Yamuna, at 
loci MFW-26* and R-3*. -12*. for that of Mahanadi and Kosi, at locus R-I2* for 
that of Mahanadi and Tons, at locus MFW-26* and R-J2* for that of Mahanadi 
and Gerua, at loci R-3* and R-12* for samples of Mahanadi and Jiabharali. 
Mahanadi with both of the rivers of Indus river system had significant allelic 
heterogeneity at MFW'24*, 26*, Ca-12* and R-3*, 12*, but locus Ca-12* was 
excluded after Bonferroni correction in the case of samples of Satluj. (Table 4.20). 
Significant heterogeneity, after Bonferroni correction, was observed for 
eight comparison out of ten tests, between samples from Indus river system and 
Gangetic river system including Jiabharali. For the comparison of samples from 
rivers of Indus versus that of rivers of Gangetic river system, significant allelic 
heterogeneity after Bonferroni correction was observed at loci MFW-15*, 17*, Ca-
12* and R-3* for samples of Ganga and Beas, locus R-3* for that of Yamuna and 
Beas and, that of Yamuna and Satluj, loci Ca-12* and R-3* for samples of Tons 
and Beas, and Tons and Satluj, and that of Gerua and Beas. Allelic heterogeneity 
was also found significant after Bonferroni correction at loci MFW-17*, Ca-12* 
and R-3* for samples of Jiabharali and Beas although only one locus MFW-17* for 
population pair of Jiabharali and Satluj. 
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F-statistics (Partitioning of variability) 
Fst values and their probability values between all pair wise 
combinations were tabulated on the basis of microsatellite analysis for population 
differentiation in nine different collections of Labeo dero (Table 4.21). 
On the basis of Fst and probability values, samples of Beas and Satluj 
showed significant genetic divergence (after Bonferroni correction) from that of 
Ganga (P= <0.001, 0.043), Tons (P= <0.001, <0.001), Jiabharali (P= <0.001, 
<0.001), and Mahanadi (P= <0.001, <0.001). Only samples of Beas showed 
divergence, however, with samples of Yamuna (P= 0.001), Kosi (P= 0.03), and 
Gerua (P= 0.035), while that of Satluj did not. 
In the samples from with Ganges river system, no genetic divergence 
was observed among that of Ganga, Yamuna, Kosi and Gerua, as evident from the 
non-significant probability values, in all possible combinations. However, samples 
from all the above four rivers differentiated from that of Tons. 
Samples of Mahanadi showed significant genetic divergence from the 
samples of all other eight collection sites i.e., Beas, Satluj, Ganga, Yamuna, Kosi, 
Gerua, Tons and Jiabharali. 
In L. dero natural population in different rivers, the mean Est value over 
all collections and all loci was 0.019, indicating that 1.9% of the total genetic 
variability can be attributed to genetic differentiation. The Est value for 26 pair 
wise comparison of 36 collections was statistically highly significant (P< 0.05) and 
the pair wise Est values ranged from 0.00082 (Beas and Satluj) to 0.14001 
(Mahanadi and Tons). 
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UPGMA based on co-efficient of co-ancestry identity from 
microsatellite analysis in L. dew is given in fig. 10. The samples of L. dero of 
Indus river system are distinct from that of other three systems (FiglO). In Ganga 
river systems, the samples of river Tons is genetically differentiated from that of 
other rivers of the Ganges system. Brahamaputra, a component of Ganges river 
system, its samples were close to that of four rivers of Ganges river system i. e., 
Ganga, Yamuna, Kosi and Gerua but distinct from that of Tons. Mahanadi may 
harbor a distinct genetic stock of L. dero. 
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Discussion 
The present study provided insight into genetic differentiation in natural 
population of L. dew. The genetic variation detected with both polymorphic 
allozyme and microsatellite DNA markers was analyzed to compute parameters of 
genetic differentiation. 
The combined probability over all loci and samples for both allozyme 
and microsatellite loci was highly significant (P<0.05) indicating presence of 
detectable genetic differentiation in L dero population. Further, locus wise 
probability revealed that the eight allozyme (EST-l*. EST-2*, XDH*, PGDH*, 
GPDH*, GPI*, PGM-2* and MDH-2*) and microsatellite (MFW-1* -15*, -17*, -
24*, -26*, Ca-12*, R-3* and 12*) loci exhibited significant divergence in L dero 
samples from different riverine localities. The genie homogeneity was further 
explored for each pair of localities at each locus. The results from markers 
provided strong evidence that 25 out of 36 possible pairs with allozyme and 26 out 
of 36 with microsatellites markers were genetically divergent. The genotypic 
proportions differed significantly (P<0.05) at least at one locus for all these pairs 
of localities. Pair wise comparision of genie proportion has been used extensively 
in several fish species to determine the stock structure (Gold et. al, 2002; Jerry, 
1997). 
Wright (1965) demonstrated the partitioning of genetic variation and 
suggested Fst as parameters. Fst indicates the proportion of genetic variation that 
can be attributed to genetic differentiation processes between the co- specifics 
from two localities. Various estimates of Fst like theta (Weir and Cockerham, 
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1984); Rst (Raymond and Rousset, 1995); Gst (Nei, 1984) have been suggested. In 
the present study theta (Weir and Cockerham, 1984) has been used to compute Fsi. 
Overall Fst for all samples combined was found to be 0.059 for allozyme and for 
0.019 microsatellite loci. Thus approximately 2.0% of genetic variation is caused 
by genetic differentiation in L. dero population. Ward (1994) reviewed 49 
freshwater fish species and observed the Fst ranging from 0 to 74% with a mean of 
22.2%. The Fsi proportion in the present studies indicates moderate level of genetic 
differentiation in L. dero populations. 
The genetic differentiation is the outcome of several interactive 
evolutionary forces that act on the natural population such as migration, random 
genetic drift, mutation etc (Ryman, 2002/ Random genetic drift tends to cause 
genetic differentiation, after the sub-populations are fragmented and gene flow 
between them is absent. Prehistoric descriptions point out the possibility that the L. 
dero in different river basins covered in the study, might had common ancestral 
gene pool. The migration of fishes that initiated during Eocene (60 mya) continued 
till late Pleistocene, till dismemberment of Indo-Brahma river and formation of 
Indus, Ganga, and Brahmaputra river. There is evidence of the existence of 
prehistoric Indo-Brahma River that used to drain from Assam to northwest to fall 
in present Arabian sea. Due to fore deep leading to depression in front of 
Himalayas and formation of Assam plateau, Ganges developed in front of 
Himalayas in early Pleistocene nearly 3 mya ( Daniels, 2001). In the present 
scenario, the rivers of Indus, Ganges and Brahmaputra are not interlinked. The 
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rivers such as Beas, Satluj, Yamuna and other Himalayan rivers were formed as 
lateral rivers over course time. 
Therefore, above evidences suggest that from evolutionary point of 
view, ancestral populations of L. dero could have shared similar gene pool 
between the four major systems i.e., Indus, Ganges, Brahmaputra and Mahanadi. 
Despite fragmentation, there could have been exchanges between Indus and 
Ganges which can offset the divergence that random genetic drift might possibly 
cause. Besides direct migration, stepping stone model of migration attributes gene 
exchange between neighbour to be a cause of gene flow, across populations in the 
river systems. That can be a case in L. dero. This could explain the observed 
moderate level of genetic differentiation in L. dero populations. However, despite 
the moderate level of differentiation compared to several freshwater species, there 
is clear evidence, from present studies, of substructuring in natural populations of 
L. dero. 
Lack of significant genetic divergence between L dero of two Indus 
rivers, Beas and Satluj was evident. The two rivers are not only in close vicinity (at 
certain places) but are linked through manmade channel connecting the two rivers 
in Himachal Pradesh. There is a possibility that gene flow could have been 
possible even in recent times. But these stocks are significantly different from that 
distributed in different tributaries of Ganga drainage like Yamuna, Kosi, Gerua, 
Tons and Ganga itself on the basis of both allozyme and microsatellite markers. 
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The L dero in different drainages of Ganges river system, Ganga, 
Yamuna, Kosi, Tons and Gerua, exhibit divergence to each other except between 
Ganga and Yamuna. 
It was evident from present results that, L. dero from Mahanadi River 
was most divergent from that of Indus and Ganga river system and point out the 
need for study of more samples from river Mahanadi. Varying genetic 
differentiation level from 0.04 to 0.14 (allozyme) and from 0.07 to 0.14 
(microsatellite) between L. dero of Mahanadi from that of other rivers was 
observed in the present study. Such levels of differentiation are common between 
fragmented populations of freshwater fishes, as demonstrated by mean Fst of 
22.2% (Ward, 1994) and thus L. dero from Mahanadi can be taken as a separate 
genetic stock. 
The results provide evidence that L. dero in different rivers in India has 
distinct population substructure. In broad range, comparing across the riverine 
basins, the population of I. dero in Indus, Ganges, Brahmaputra and Mahanadi are 
genetically different. Within Ganges river system, L dero in river Tons is 
genetically divergent from rest of the tributaries. There may be likelihood of 
presence of more genetic stocks in Ganges, especially in associated rivers. 
Therefore, based on distribution of genetic differentiation detected by 
both markers, at least five different genetic stocks of L dero across its natural 
distribution, could be identified. In samples of L. dero. Rivers from of Indus river 
system i.e., Beas and Satluj form one genetic stock while in Ganges river system, 
samples of Ganga, Yamuna, Kosi and Gerua constitute another. Rivers Tons and 
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Jiabharali differentiated as separate stocks. L. dero samples of Mahanadi have 
exhibited adequate genetic divergence to be considered as a totally different 
genetic stock from samples other rivers studied. 
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CONCLUSION 
& 
IMPLICATIONS 
CHAPTER 5 
Implications of the findings in conservation and management 
of riverine populations of Labeo dero 
The present study has provided vital information on genetic variation and 
stock structure of the important Indian minor carp species, Labeo dero and distinct 
genetic stoclcs of the species from the natumal population have been described for the 
first time. 
This study provides evidence of atleast five genetic stocks in L. dero natural 
population, based on the localities studied. Individual stocks often differ considerably 
in their biological characteristics, including recruitment and mortality. The 
differentiation of sub-populations depends upon evolutionary forces like migration, 
selection, genetic drift etc. The loss of sub-populations, due to any cause, is more 
serious for a species that is more differentiated than that which is lesser differentiated. 
With loss of a genetic stock, a species also loses the animals, adapted to a particular 
habitat and evolved as fittest to survive through selection. Therefore, conservation and 
fishery management strategies need to be stock specific. These facts have strong 
relevance in view of the results of the present study. 
The riverine habitats are getting degraded due to various factors. 
Consequently, decline in abundance and restricted movement of the individuals 
adversely affect effective breeding population and random mating. Mixing of genetic 
stocks also causes a loss of co adapted gene complexes and consequently viability of 
the species. All these factors, individually or as combined affect natural genetic 
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variation of the population that is crucial for the selection to act and evolve 
adaptations. 
The present study shows genetic bottlenecks in the natural population of L. 
dero on the basis of both allozyme and microsatellite analysis. The genetic bottlenecks 
take time before negative impacts are visible. However, genetic markers can indicate 
such bottlenecks based on various parameters explained above or through monitoring 
loss of alleles from population. A population should conform to Hardy - Weinberg 
equilibrium and departure from it reveals that the sample is a mixture of genetically 
distinct populations. It is indicated by the deficiency or excess of heterozygotes in a 
particular population. The findings of the study clearly indicate that riverine 
populations of Z,. dero are facing genetic bottlenecks. 
In the light of the observed genetic bottlenecks and concerns raised, it is 
essential that adequate measures for conservation are undertaken for propagation 
assisted stock specific rehabilitation of riverine population of L dero. The genetic 
markers developed in the study will be useful in monitoring the future genetic impacts 
of such rehabilitation programmes. 
Declining abundance of natural population of L dero and the consequent 
need to augment capture fishery, restocking of the L dero in reservoir and rivers is a 
needed measure. However, it is also important that the artificial gene flow between 
distinct stocks/ non-native stocks through means of haphazard stocking and 
rehabilitation programmes should be strictly avoided. The rehabilitation strategy 
should imbibe means to maintain the natural genetic variability and also mechanism to 
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monitor the impacts too. This underlines the significance of the stock structure data of 
the study vis-a-vis fisheries management and ranching programmes 
In conclusion, the markers and stock structure data developed in the study can 
provide essential component for formulating meaningful conservation strategies. This, 
along with existing technology on captive breeding and sperm cryopreservation can an 
integrated package for in situ conservation of genetic diversity and rehabilitation of 
natural population of Labeo dero. 
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ANNEXURES 
Annexure I 
ALLOZYME ANALYSIS 
I. Sample Extraction Buffer 
Liver: 
50 % Sucrose - 2.0ml 
EDTA(64mg/100ml) - 5.0ml 
0.2 M Tris-HCl ( pH 7.0 ) - 0.5ml 
Double Distilled Water - 2.5ml 
Use 250 mg tissue /mi of extraction solution. 
II. Running buffer 
lOX TBE (Tris -Borate- EDTA, pH 8.0) 
Tris(500mM) - 60.6 g/1 
Boric acid (650 mM) - 40.0 g/1 
Na2EDTA.2H20 (16 mM ) - 6.0 g/1 
Adjust the pH to 8.0. 
Used as IX TBE 
III. Polyacrylamide Gel Composition 
8% PAGE 
40%Acrylamide - 4.0ml 
2.1% Bis-acryiamide - 2.8ml 
1 OX Buffer (pH 8.0) - 5.0ml 
Double Distilled Water - 5.2ml 
APS (140mg/50ml) - 3.0ml 
TEMED - 20^1 
rv. Staining compositions (Whitmore, 1990) 
a-Glycerophosphatc dehydrogenase (GPDH ) E.G. 1.1 
1.0 M DL-a-glycerophosphate 
(Na2 salt) pH 7.0 
ADH 
NBT 
PMS 
MTT 
0.2MTris/HCI pH 8.0 
H2O 
Incubate at 3fC 
Acid phosphatase (AGP) E.G. 
a-naphthyl acid phosphate 
Fast garnet GBC salt 
H2O 
Incubate at 37°C 
3.1.3.2 
Adenylate kinase (AK) E.G. 2.7.4.3 
ADH 
Glucose 
NADP 
NBT 
PMS 
Mgcb 
0.2MTris/HCI pH 8.0 
Hexokinase 
G6PD 
1 % agar 
Incubate at 37°C 
- 5 ml 
- 25 mg 
- 15 mg 
- 1 mg 
- 5 mg 
- 10ml 
- 35 ml 
-50mg 
-50mg 
- 40 ml 
- 20 mg 
- 30 mg 
- 4.5 mg 
- 5 mg 
- 0.5mg 
- 20 mg 
- 4 ml 
- 70 u 
- 35 u 
- 10 ml 
Aspartate amino transferase (AAT) E.G. 2 
a-ketoglutaric acid (Na salt) - 100 mg 
L-aspartic acid - 200 mg 
Pyridoxal-5-phosphate - Img 
Fast blue BB salt - 150 mg 
0.2 M Tris/HCl pH 8.0 - 50 ml 
Store refrigerated 
Incubate at 3 7 ^ 
Greattne kinase (GK) E.G. 2.7.3.2 
Phosphocreatine - 15 mg 
ADH - 28 mg 
Glucose - 36 mg 
NADP - 4.5 mg 
PMS - 0.5mg 
MTT - 5 mg 
Mgcli - 40 mg 
O.lMTris/HCI pH 7.0 - 10 ml 
Hexokinase - VO u 
G6PD - 35 u 
l%agar - 10 ml 
Incubate at ambient temperature or ST^ C 
Esterase (EST) E.C. 3.1.1.1 
Fast blue RR salt - 100 mg 
HjO - 38 ml 
TBE pH 8.0: 0.1M phosphate pH 6.0 - 5 ML 
1% a- naphthyl acetate - 3 ml 
Acetone - 50 ml 
Incubate at 3fC 
Glucose dehydrogenase (GLDH) E.C. 1.1.1.47 
D-Glucose - 9 g 
NAD, - 25 mg 
NBT - 5 mg 
PMS - 5 mg 
0.5 M Phosphate pH 7.0 - 5 ml 
H2O - 45 ml 
Incubate at 3 7°C 
Glucose 6 phosphate dehydrogenase (G6PD) E.C. 1.1.1.49 
Glucose 6 phosphate(Na2 salt) - 200 mg 
NADP - 15mg 
NBT - I5mg 
PMS - 1 mg 
Mgcl2 - 50 mg 
0.2MTris/HCI pH 8.0 - 10 ml 
H2O - 40 ml 
Incubate at 3 7°C 
Glutamate dehydrogenase (GDH) E.C. 1.4.1.3 
L-glutamic acid (Na salt) - 2 g 
NAD - 30 mg 
NBT - 20 mg 
PMS - 2 mg 
0.5 M Phosphate pH 7.0 - 40 ml 
H2O - 35 ml 
Incubate at 37''C 
Lactate dehydrogenase (LDH) E.C. 1.1.1.27 
Lithium Lactate - 5 ml 
NAD - 25 mg 
NBT - 15 mg 
111 
PMS 
0.2MTris/HCl pH 8.0 
H2O 
Incubate at 37°C 
Malatc dehydrogenase 
Malic acid 
NAD 
NBT 
PMS 
0.2MTris/HCl pH 8.0 
H2O 
Incubate at 37°C 
(MDH) E.G. 
Malic enzyme (ME) E.C.I. 
Sod. malate 
NADP 
NBT 
PMS 
Mgcb 
0.2MTris/HCl pH 8.0 
H2O 
Incubate at 37°C 
,1.1.40 
- 1 mg 
- 10ml 
- 35 ml 
1.1.1.37 
- 5 ml 
- 15 mg 
- 15 mg 
- 1 mg 
- 10 ml 
- 35 ml 
- 5 ml 
- 15mg 
- 15 mg 
- 1 mg 
- 50 mg 
- lOmI 
- 35 ml 
Octonol dehydrogenase (ODH) E.C.1.1.1.73 
1-octaneI - 3 ml 
Ethanoi - 1 ml 
NAD - 5 mg 
PMS - 3.5 mg 
MTT - 3.5 mg 
0.2MTris/HCl pH 8.0 - 50 ml 
Incubate at 37 C 
Phosphogluco mutase (PGM) E.C.5.4.2.2 
Glucose-1-phosphate (Na2salt) 
NADP 
PMS 
MTT 
Mgcl2 
0.2MTris/HCI pH 8.0 
G6PD 
1 % agar 
Incubate at 37''C 
- 300 mg 
- 15 mg 
- 1 mg 
- 20 mg 
- 50 mg 
- 10ml 
- 80 u 
- 10ml 
Phosphogluconate dehydrogenase (PGDH) E.C.I.1.1.44 
6-phosphogluconic acid (Nai salt) - 100 mg 
NADP - 15 mg 
NBT - 15mg 
IV 
PMS 
Mgcb 
0.2MTris/HCl pH 8.0 
H2O 
Incubate at ST^ C 
- 1 mg 
- 50 mg 
- 10 ml 
- 40 ml 
Superoxide dismutase (SOD) E.C.I. 15.1.1 
NADP - 15 mg 
NBT - 15 mg 
PMS - 5 mg 
Mgch - 50 mg 
0.2MTris/HCl pH 8.0 - 10 mi 
H2O - 40 ml 
Incubate at 37°C for approx. 30 min. 
Xanthine dehydrogenase (XDH) E.C.I.1.1.204 
Hypoxanthine 
0.1 MKOH 
0.2 M Tris/HCI pH 8.0 
Stir for at least 10 min.then add 
NAD 
NBT 
PMS 
0.2 MTris/HCI pH 8.0 
Incubate at 37°C 
Fumerase (FH) E.C. 4.2.1.2 
Fumaric acid (Na2 salt) 
ADH 
NBT 
PMS 
MTT 
0.2 MTris/HCI pH 7.0 
H2O 
Malic dehydrogenase 
Incubate at 3 7°C 
Isocitrate dehydrogenase (ICD) E.C. 
0.1 M isocitrate (Na3 salt) pH 7.0 
NADP 
NBT 
PMS 
MgCl2 
0.2 MTris/HCI pH 8.0 
H2O 
Incubate at 37''C 
- 200 mg 
- 5 ml 
- 5 ml 
- 10 mg 
- 5 mg 
- 5 mg 
- 40 ml 
- 385mg 
- 40 mg 
- 15 mg 
- 1 mg 
- 5 mg 
- 10ml 
- 40 ml 
- 600 u 
1.1.1.42 
-8 ml 
- 15 mg 
- 15 mg 
- 1 mg 
- 50 mg 
- 10 ml 
- 32 ml 
Hexokinase (HK) E.C. 2.7.1.1 
Glucose - 45 mg 
ATP - 50 mg 
NADP - 4.5 mg 
PMS - 0.5mg 
MTT - 6 mg 
Mgcb - 40 mg 
0.2MTris/HCl pH 7.0 - 2 ml 
G6PD - 80 u 
l%agar - 8 mi 
Incubate at 37°C 
Annexure II 
MICROSATELLITE ANALYSIS 
A. Working Solutions 
1. HighTE: 
Stock 0.5 M Tris-CI (pH 8.0) - 20 mi 
Stock 0.5 M EDTA (pH 8.0) - 8 ml 
Makeup the solution to 100 ml with distilled water 
Autoclave it 
Cool it down to room temperature. 
Store at 4°C. 
2. Incubation Buffer: 
i. Lysis Buffer: 
Stock 0.5 M Tris-CI (pH 8.3) - 2 ml 
Stock 0.5 M EDTA (pH 8.0) - 0.2 ml 
400 mM NaCl - 2.337 g 
Make up the solution to 100 ml with distilled water 
Autoclave it 
Cool it down to room temperature. 
Store at 4°C. 
ii. Proteinase K: 
Proteinase K - 10 mg 
Autoclaved distilled water - 500 |j.l 
Dissolve Proteinase K in Autoclaved distilled water 
Store at -20°C. 
iii. SDS: SDS - 5.0mg 
3, 3M Sodium acetate ( pH 5.2 ): 
Sodium acetate - 12.4 g 
Distilled water - 20mi 
Adjust the pH to 5.2 using glacial acetic acid 
Makeup fmal volume toSOml. 
VI 
4. 
Autoclave it. 
Cool it down to room temperature. 
Store at 4°C. 
TE buffer: 
Stock 0.5 M Tris-Cl (pH 8.0) 
Stock 0.5 M EDTA (pH 8.0) 
2.0 ml 
0.02 ml 
Make up the solution to 100 ml with distilled water. 
Autoclave it. 
Cool it down to room temperature. 
Store at 4°C. 
RNAase: 
RNAase 
RNAase buffer (autoclaved) 
Dissolve RNAase in RNAase buffer. 
Heat at 100°C for 15 minutes in boiling water. 
Allow to cool at room temperature. 
Store at -20°C. 
lOmg 
1 mi 
6. 5X TBE (Stock): 
Tris base - 27.0 g 
Boric Acid - 13.7g 
0.5 M EDTA (pH 8.0) - 12.5 ml 
Makeup the final volume to 500 ml with distilled water. 
B. Polyacrylamide gel electrophoresis : 
1. Gel Composition (19:1) 
Componets 
20% Acraylamide 
DDW 
5XTBE 
10% APS 
TEMED 
6% 
3.0 ml 
4.3 ml 
2.0 ml 
70 ^1 
3.5^1 
8% 
4.0 ml 
3.3 ml 
2.0 ml 
70 i^l 
3.5^1 
10% 
5.0 ml 
2.0 ml 
2.0 ml 
70 ^1 
3.5^1 
20% acrylamide 
Acrylamide 19g 
Bis-acrylamide 1 g 
in 100ml 
lOX TBE 
500 mM Tris base 
890mM Boric acid 
16mM NazEDTA. H2O 
Used as IX TBE 
Vll 
Annexure III 
Primer sequences tested in Labeo dero 
s. 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Locus 
Primer Sequence 
Catla catla 
G-1* 
G-2* 
A-7* 
A-12* 
C-3* 
AGCAGGTTGATCATTTCTTCC 
TGCTGTGTTTCAAATGTTCC 
GTCCGCTGTAAAACGGAGATTCCTG 
ACCCCCATGTCTCTGTGACATTC 
CATGCTAGTAAATGCTTTCATGCTAC 
TGAAAGCAATACAGGCTGTCAGAG 
GCACAATATATTGTCTCCATATCGG 
AATGCTGGATATATGAAATGGACAG 
AGGCAATTCAGTCTGTTAGAG 
TAACAACATGCTAATACCTTGC 
Barbus barbus 
Barb-37* 
Barb-54* 
Barb-59* 
Barb-62* 
Barb-79* 
Cyprinus car 
MFW-I* 
MFW-2* 
MFW-6* 
MFW-7* 
MFW-9* 
MFW-U* 
MFW-14* 
MFW-15* 
MFW-16* 
MFW-17* 
AAATACGCTCTCCTCATTAC 
GTACAAAAGCAAAAATAAATTA 
GTTGTTTTGATTCACACTGAG 
TACCATCTGCTGCTGCTTC 
CTGTATCCATCACATAGGCT 
CATGATTTAATAGAACACACAC 
GGCACAAAAATGGATTCATATC 
GTACACGAGCATATGGACAA 
GAGTGAATCATTACATCCCT 
GCTTTTCTTGTATTAGTATTT 
pio 
GTCCAGACTGTCATCAGGAG 
GAGGTGTACACTGAGTCACGC 
CACACCGGGCTACTGCAGAG 
GTGCAGTGCAGGCAGTTTGC 
ACCTGATCAATCCCTGGCTC 
TTGGGACTTTTAAATCACGTTG 
TACTTTGCTCAGGACGGATGC 
ATCACCTGCACATGGCCACTC 
GATCTGCAAGCATATCTGTCG 
ATCTGAACCTGCAGCTCCTC 
GCATTTGCCTTGATGGTTGTG 
TCGTCTGGTTTAGAGTGCTGC 
CAGAAGCTTCTGGAAATCTGAG 
GCGAGAAGATTGATGGACAAC 
CTCCTGTTTTGTTTTGTGAAA 
GTTCACAAGGTCATTTCCAGC 
GTCCATTGTGTCAAGATAGAG 
TCTTCATTTCAGGCTGCAAA 
CAACTACAGAGAAATTTCATC 
GAAATGGTACATGACCTCAAG 
VIU 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
MFW-hS* 
MFW-19* 
MFW-20* 
MFW-23* 
MFW-24* 
MFW-26* 
MFW-28* 
MFW-29* 
MFW-30* 
MFW-31* 
MFW-22* 
Cca-80* 
Cca-72* 
Cca-30* 
GTCCCTGGTAGTGAGTGAGT 
GCGTTGACTTGTTTTATACTAG 
GAATCCTCCATCATGCAAAC 
CAAACTCCACATTGTGCC 
CAGTGAGACGATTACCTTGG 
GAGCAGCCCACATTGAAC 
GTATAATTGGGAGTTTTAGGG 
CAGGTTTATCTCCCTTCTAG 
CTCCAGATTGCACATTATAG 
TACACACACGCAGAGCCTTT 
CCCTGAGATAGAAACCACTG 
CACCATGCTTGGATGCAAAAG 
G ATCCCTTTTG A ATTTTTCT AG 
ACAGTGAGGTCCAGAAGTC 
GTTGACCAAGAAACCAAC.MGC 
GAAGCTTTGCTCTAATCCACG 
GGTCAACAAGTAGTTGTGCAG 
CCATCTCTGTCATTGCAACA 
CCTTCCTCTGGCCATTCTCAC 
ACATCGCAGAGAATTCGTAAG 
ACATTATTAAACGAGTTGTACAC 
ATCCCTG A ACTTTTG AATGGC 
TCACCTTCCCAAAGAAGAC 
TCTTCTGCTCCAGTTGATTT 
GCAGTGGCTGGCAAGTTAAT 
GCACTACATCCACTGCACACA 
CCACAATGTCATCATAACCA 
ACTGCATTCAAGAGTGTTCC 
Barbodes goniotus 
Bgo-80* 
Bgo-81 * 
Bgo-82* 
Bgo-83* 
Bgo-84* 
TCTTGTTGATCACACGGACG 
ACAGATGGGGAAAGAGAGCA 
TGCAAAGGTTCTGTCAAGGA 
AGCAGAGGAAGCCAAATGAG 
GACTTCAGATGCAGTGAAGCAT 
TCAATTGTGGTTGATGTCGC 
CAGACTGGAGCGAGGAAAAC 
ACAGTGTTCGGTGAAGCCAT 
CAATTACAAGGGGTTACATACTGA 
CATCTAACATTGCCTTGGGG 
Labeo rohita 
R-I* 
R-2* 
R-3* 
R-5* 
R-6* 
R-12* 
CGAGACACCAGAGAAAAGAC 
GGGACATAATGTTGGGATAA 
ACTGTTAACGAGACCTGCAT 
GTGTGTGACCTTTAGAACTGC 
TATTCACCCCAAATCCATTA 
GACCCTTGTGCATAAGACC 
ATGTACAGCAGCTCAATGAC 
GAGTTCATGTGTGGGAGTG 
TATCCTGGCTGAAAACTTTG 
CTACAGGAACAACCATCACC 
CTATTCCTGTGCAGACCTTC 
GATACACGTCCAGTTTCACC 
IX 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
Campostoma anomalum 
Ca-3* 1 
Ca-5* 
Ca-6* 
Ca-8* 
Ca-IO* 
Ca-11* 
Ca-12* 
Ca-15* 
Ca-16* 
Ca-17* 
GGACAGTGAGGGACGCAGAC 
TCTAGCCCCCAAATTTTACGG 
TTGAGTGGATGGTGCTTGTA 
GCATTGCCAAAAGTTACCTAAA 
CAGGTCTTGCCCACGTCTGAG 
CACCTGTGGAACCGGCTTGA 
ACGCAGACATATTTTAGATG 
AATAATACAACTCGCTCTCA 
CTGCACGGGTTTTAATATCTT 
AATGATGTACTCGCCATGTA 
TCCCTCACTGTGCCCTACA 
GGCGTAGCAATCATTATACCT 
GTGAAGCATGGCATAGCACA 
CAGGAAAGTGCCAGCATACAC 
ATGCTGGGTTGTTTCACGTT 
TTGTTTCAAGCCATGTTTGG 
CGCGACCAGTTGTGAC 
GACGAGCGTATTCAGATTACA 
GTTTGAAGTGGGATTAACT 
GTTGTGTATACCTGGTTAAAG 
Pimphales promelas 
Ppro-48* 
Ppro-80* 
Ppro-118* 
Ppro-126* 
Ppro-132* 
Ppro-168* 
Ppro-171* 
TGCTCTGCTCTCCTGCGTGTCATT 
CAGCCTCGGCGGTGTTGTTGC 
AGCGATTCAACACCTTCAGGA 
GTGGGGAATGGATCGAAACAAT 
CCGGATGCACTGGTGGAGAAAA 
CCAGCAATCATAGCAGGCAGGAAC 
CTGCGTGTCTGATAACTGTGACTG 
GTCCCGGGACTTTAAGAAGGTC 
GCATTTCCTTTTGCTTGTAAGTCTCAA 
GGTTTAACCCGATCAATGGCTGTGC 
CGGCCATACCTTGAGTCCAGG 
CTTTTGCGGTTCGATTGAITITGT 
GTCGCCGTCGCGTCTGGTTA 
CTCACCCCAATGCCATCCAAGA 
Abbreviation used in the thesis 
|il=microlitre 
bp=base pair 
DNA=Deoxyribonucleic acid 
g=gram 
hr=hour 
kg=kilogram 
lat=iatitude 
ion=longitude 
mg=miliigram 
min=minute 
l=liter 
mM=millimolar 
pmoles=pico moles 
ml=milliiiter 
mt=metric tones 
° C=degree centigrade 
ng=nanogram 
PCR=polymerase chain reaction 
RNA=Ribonucleic acid 
rpm=revoIution per minute 
sec=second 
UV=uItraviolet 
V=volt 
M=molar 
cm=centi meters 
U=unit 
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